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APPENDIX  G. 

SECOITD  AinrUAL  REPOET  OF  THE  SUPEKINTEITDENT  OF  GOV- 
ERNMENT LABORATORIES. 

Depabtment  of  the  Interior, 
Bureau  of  Government  Laboratories, 

Mcmila^  September  IJ^^  1903, 

BUILDING   AND   CONSTRUCTION. 

In  the  report  of  the  superintendent  of  government  laboratories  for 
the  year  ending  August  31,  1902,  the  organization  of  the  laboratory 
force  and  the  beginning  of  work  in  the  temporary  quarters  was 
described. 

The  detailed  plans  of  the  new  laboratory  building  were  practically 
completed  at  that  time,  but  the  site  for  the  structure  was  not  selected. 
The  original  intention  had  been  to  locate  at  Santa  Mesa  on  the  high- 
lands just  inside  the  city  limits  and  near  Sampaloc  Cemeterj^,  where  a 
plot  of  ground  had  been  kindly  offered  as  a  gift  for  this  purpose  by 
the  Hon.  Benito  Legarda.  However,  in  attempting  to  carry  out  this 
idea,  considerable  delay  was  experienced  by  the  donor  in  arranging  a 
satisfactory  adjustment  with  other  owners  of  the  estate  of  which  the 
proposed  site  was  a  portion,  and  consequently,  so  as  to  shorten  the 
time  during  which  the  bureau  would  be  compelled  to  do  unsatisfactory 
work  in  the  cramped  quarters  leased  by  it  on  Calle  Iris,  it  was  decided 
to  look  elsewhere  for  an  available  location;  with  the  full  knowledge  that 
in  the  future  the  generous  offer  of  Senor  Legarda  would  be  repeated 
for  other  government  institutions  equally  important  to  the  intellectual 
advancement  of  the  islands. 

After  canvassing  the  ground  thoroughly  the  Hon.  Dean  C.  Worces- 
ter, secretary  of  the  interior,  the  Hon.  Bernard  Moses,  secretary  of 
public  instruction,  and  the  superintendent  of  government  laboratories 
selected  a  portion  of  the  so-called  exposition  grounds,  the  intention 
being  to  have  the  laboratory  building  front  on  Calle  Herran  and 
occupy  ground  to  the  east  of  the  driveway.  This  necessitated  the 
purchase  of  a  plot  owned  by  the  church  which,  if  not  acquired  bv  the 
government,  would  make  the  entire  piece  of  land  irregular  in  snape. 
This  land  was  bought,  so  that  26i  acres  are  now  included  in  the  expo- 
sition grounds. 

The  new  building  was  begun  in  October,  1902,  according  to  the 
original  plans.  The  foundations  of  concrete  have  been  pushed  as  rap- 
idly as  Dossible;  at  the  present  time  they  are  completed  and  the  fram- 
ing of  the  superstructure  is  well  under  way.  It  is  to  be  hoped,  with 
the  present  rate  of  progress,  the  government  laboratories  will  occupy 
their  future  quarters  in  April,  1904,  and  will  then  be  able  to  extend 
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the  courtesies  of  the  institution  to  visiting  scientists.  Requisitions 
for  the  necessary  power,  boilers,  pumps,  and  other  mechanical  appli- 
ances, as  well  as  for  the  refrigerating  plant,  are  now  being  completed, 
and  probably  all  materials  will  be  on  hand  to  install  the  machinery  by 
that  time. 

In  the  last  annual  report  the  cramped  nature  of  the  temporary  quar- 
ters on  Calle  Iris  was  mentioned,  but  since  then  work  has  increased  so 
rapidly  that  the  superintendent  of  government  laboratories  found  him- 
self compelled  to  rent  an  auxiliaiy  building  on  Calle  Alix.  The  library 
of  the  bureau  and  the  biological  laboratory  have  been  transferred  to 
this  additional  space,  which  also  gives  opportunity  for  the  storage  of 
apparatus  and  supplies  ordered  for  the  new  building,  w^hen  an  increased 
force  of  scientific  workers  will  be  available.  Contrary  to  expectation, 
much  of  this  apparatus  is  already  needed  in  the  present  quarters,  but 
certain  pieces  will  remain  unused  until  the  final  move  is  made.  The 
requisitions  were  planned  to  include  in  the  first  shipment  only  such 
pieces  of  apparatus  as  could  actually  be  used  under  present  condi- 
tions, so  the  remainder  of  the  supplies  will  probably  not  arrive  until 
very  shortly  before  the  completion  of  the  new  building. 

SERUM   LABORATORY. 

The  serum  laboratory,  at  the  time  of  its  transfer  from  the  board  of 
health  to  the  bureau  of  government  laboratories,  was  provided  with 
accommodations  suflicient  only  for  about  10  vaccine  calves,  15  or  20 
serum  cattle,  and  5  or  6  horses.  The  demand  for  vaccine  and  rinder- 
pest serum  increased  very  rapidly  during  the  last  half  of  present  fiscal 
year,  because  of  the  prevalence  of  smallpox  and  the  beginning  of  the 
work  of  inoculating  animals  in  the  provinces,  and  in  order  to  meet 
this  demand  the  number  of  animals  in  the  serum  herd  was  increased 
as  rapidly  as  possible.  This  necessitated  the  building  of  a  quarantine 
station  holding  40  animals  in  a  separate  portion  of  the  San  La/aro 
estate,  the  construction  of  stalls  in  the  neighborhood  of  the  operating 
room,  and  the  building  of  a  feed  barn  and  stables  for  about  200  ani- 
mals. The  rapid  completion  of  these  improvements  was  necessary  in 
order  to  meet  the  extraordinary  demand  for  space  which  would  be 
made  as  soon  as  importations  for  the  government  from  other  countries 
would  begin. 

The  present  location  was  divided  into  three  paddocks  by  fencing, 
enabling"  the  separation  of  different  classes  of  animals,  and  sidewalks 
connecting  the  most  important  buildings  were  added.  A  small  labo- 
ratory for  the  scientific  work  relating  to  v^accine  and  serums  was  fitted 
up,  and  an  operating  room  for  the  aseptic  preparation  of  vaccine  also 
was  built.  The  necessity  for  investigating  surra  led  to  the  protection 
of  the  horse  stable  by  fly  screens  in  such  a  manner  as  to  render  the 
spread  of  the  disease  from  afilicted  animals  kept  for  purposes  of  study 
impossible,  and  the  increased  use  of  small  animals,  such  as  guinea  pigs 
and  rabbits,  was  the  cause  for  the  construction  of  proper  quarters  for 
this  class  of  experimental  material. 

All  of  the  structures  which  have  been  placed  upon  the  present  land 
have  been  temporary  in  their  nature,  for  the  reason  that  the  portion  of 
the  San  Lazaro  estate  occupied  by  the  serum  laboratory  has  been 
needed  by  the  board  of  health  for  its  own  buildings,  and  because  the 
placing  of  such  a  large  number  of  animals  in  close  proximity  to  a  hos- 
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pital  was  undesirable.  The  superintendent  of  government  laboratories 
therefore  made  an  effort  to  secure  sufficient  land  in  another  part  of  the 
city  and  nearer  to  the  new  laboratories  on  Calle  Herran.  By  agree- 
ment with  the  municipal  board  a  site  in  Paco  became  available,  and 
when  the  laboratory  is  completed  at  that  point  the  location  at  San 
Lazaro  will  be  abandoned.  This  plan  is  in  every  way  desirable,  as  it 
will  furnish  the  serum  laboratory  with  a  permanent  location  for  its 
animals  free  from  the  objection  of  the  proximity  to  hospital  buildings 
and  with  the  added  advantage  of  convenience  in  the  administration 
from  the  main  laboratory. 

The  land  in  Paco  is  fairly  high,  and  according  to  levels  will  proba- 
bly not  be  flooded  excepting  during  the  severest  rains,  which  might 
occur  once  or  twice  in  the  rainy  season.  During  the  remaining  time 
it  can  be  drained  into  an  estero  Ijang  about  1,500  feet  to  the  north. 
On  this  spot  it  is  proposed  to  construct  permanent  buildings  for  the 
manufacture  of  rinderpest  serum.  These  will  probably  consist  of  four 
stables  for  cattle,  built  with  cement  floors  and  metal  st^^lls,  so  as  to 
render  disinfection  certain  and  positive,  an  operating  room  for  bleed- 
ing cattle,  a  barn  for  feed  and  supplies,  and  a  building  for  the  watch- 
man. The  latter  will  also  contain  sufficient  laboratory  space  to  permit 
of  caring  for  the  fresh  blood.  The  preparation  of  the  serum,  packing 
and  shipping,  will  take,  place  at  the  main  laboratory.  A  quarantine 
stable  for  the  purpose  of  observing  animals  before  they  are  admitted 
to  the  serum  laboratory  will  be  built  at  the  farthest  corner  of  the  land. 
A  photograph  of  the  proposed  type  of  stable  is  given  in  fig.  4. 

When  the  permanent  site  is  completed,  the  laboratory  can  with  cer- 
tainty care  for  its  animals  in  a  most  approved  way,  and  will  be  able  to 
avoid  contagious  diseases  among  them.  The  drainage  problem  is  the 
most  difficult  one,  but  probably  can  be  solved  by  disposing  of  liquid 
sewage  through  a  septic  tank  and  sewer  to  the  estero,  and  by  col- 
lecting solid  manure  in  proper  receptacles  and  permitting  the  use  of 
the  same  in  certain  areas  of  land  where  cattle  never  graze  and  where 
all  animals  used  are  immune  against  rinderpest.  This  would  be  feasi- 
ble in  the  farms  occupied  by  the  agricultural  bureau.  The  argument 
against  using  manure  from  serum  stables  will  disappear  in  the  same 
degree  as  animals  present  in  Manila  and  its  surroundings  are  immune 
against  rinderpest. 

All  vaccine  work  and  the  preparation  of  all  serums  involving  the 
use  of  horses  or  small  animals  only  will  be  conducted  at  the  main  lab- 
oratory building. 

LIBRARY. 

Since  the  last  annual  report  the  purchase  of  books  contemplated  by 
the  Commission  for  the  permanent  equipment  of  the  scientific  institu- 
tions connected  with  the  bureau  and  for  the  reference  library  has  con- 
tinued as  funds  became  available.  The  care  of  this  material  at  first 
was  so  slight  that  it  could  devolve  upon  the  stenographers  and  prop- 
erty clerk  of  the  bureau,  but  in  the  first  quarter  of  the  present  year 
the  necessity  of  adequate  cataloguing,  accession  books,  and  of  the 
proper  care  of  the  library,  as  well  as  of  a  system  by  which  books  could 
be  taken  out  by  laboratory  workers,  became  apparent,  and  Miss  Mary 
Polk  was  appointed  librarian  after  an  examination  by  the  civil-service 
board. 
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The  buying  of  sets  of  periodicals  has  necessarily  been  somewhat 
retarded,  owing  to  the  distance  from  the  source  of  supply  and  the  diffi- 
culty experienced  by  dealers  in  obtaining  complete  lists. 

The  chief  publications  which  are  now  on  hand  and  complete  comprise 
Liebig's  Annalen  der  Chemie,  Berichte  der  deutschen  chemischen 
Gesellschaft,  Berliner  klinische  Wochenschrift,  Centralblatt  f.  Bak- 
teriologie  (all  parts),  Centralblatt  f .  die  med.  Wissenschaften,  Central- 
blatt f.  klinische  Medicin,  Centralblatt  f.  innere  Medicin,  American 
Medicine,  Anatomischer  Anzeiger,  Baumgarten's  Jahresbericht,  Bei- 
trage  zur  pathologischen  Anatomic  iind  zur  allgemeinen  Pathologic, 
British  Medical  Journal,  Bibliographia  Medica,  Chemical  News,  Zeit- 
schrift  f .  angewandte  Chemie,  Zeitschrift  f .  klinische  Medicin,  Zeit- 
schrift  wissenschaftliche  Mikroskopie,  Schmidts  Jahrbucher,  Medical 
Review,  Journal  of  the  Chemical  Society,  Journal  of  the  Royal  Micro- 
scopical Society,  Lancet^  Hope-Seyler's  Zeitschrift  f.  physiologische 
Chemie,  American  Chemical  Journal,  and  all  of  the  Johns  Hopkins  pub- 
lications relating  to  medicine. 

The  subscriptions  cover  the  foreign  scientific  and  medical  period- 
icals, and  have  been  taken  for  the  current  year  since  the  inauguration 
of  the  laboratory,  the  complete  sets  of  the  important  journals  being 
filled  in  subequently.  There  are  a  number  of  important  sets  which 
have  been  ordered  and  are  now  on  the  way.  Only  a  few  of  these  can 
be  mentioned.  They  are,  for  example,  The  American  Journal  of 
Medical  Sciences,  Poggendorf  Annalen  d.  Physik  u.  Chemie,  Annales 
de  rinstitut  Pasteur,  Archiv  der  Pharmacie,  Deutsche  medicinsche 
Wochenschrift,  and  the  chief  journals  covering  agricultural  chemistrj^ 
chemical  technology,  anatomy,  physiology,  veterinary  medicine,  and 
certain  portions  of  botany  and  entomology. 

The  necessity  for  periodicals  covering  the  field  of  industrial  chemis- 
try has  been  apparent  from  the  beginning,  because  many  questions 
concerning  manufacturing  processes  are  continually  submitted  to  the 
laboratories,  and  the  chemical  bulletins  which  it  is  proposed  to  issue 
will  cover,  if  the  greatest  advantage  to  the  islands  is  to  be  considered, 
the  fields  where  new  manufactures  and  improvements  in  the  present 
industries  can  be  made. 

Adequate  literature  on  veterinary  medicine  is  needed,  because  the 
laboratories  have  constantly  under  their  control  from  at  least  100  to 
125  animals,  and  because  owners  of  cattle  and  horses  are  continually 
applying  to  the  institution  for  advice.  The  most  important  sets  of 
veterinaiy  journals  are  either  ordered  or  scheduled  for  the  near  future. 

The  beginning  of  the  botanical  laboratory  furnishes  the  necessit}^ 
for  literature  in  the  direction  of  its  work.  The  benefits  to  be  derived 
from  accurate  botanical  investigations  can  be  compared  with  similar 
ones  to  be  undertaken  for  the  purpose  of  advancing  the  chemical 
industries. 

The  biological  laboratory  in  its  work  covers  the  ground  of  medicine 
and  pathology,  and  the  general  scope  of  the  bureau  necessitates  con- 
tinual reference  to  chemical,  pharmacological,  pharmaceutical,  toxico- 
. logical,  and  physical  literature.  The  librarjr  is  intended  to  be  one  of 
maximum  usefulness  in  scientific  work,  and  is  accessible  to  all  persons 
who  feel  the  need  of  referring  to  this  class  of  books.  In  the  building 
on  Calle  Alix  it  is  shelved  in  a  room  sufficiently  large  to  allow  of  its 
liberal  use  and  is  much  more  conveniently  located  than  it  formerly 
was  on  Calle  Iris.     A  card  system  of  cataloguing  has  been  begun  and 
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will  be  completed  as  fast  as  possible.  ■  The  list  of  actual  sets  on  hand 
and  of  subscriptions  will  be  given  in  the  report  of  the  librarian. 

In  the  future  it  is  hoped  this  library  will  be  used  by  educational 
institutions  established  in  the  Philippine  Islands  and  will  furnish  the 
means  of  acquainting  the  Philippine  workers  with  modern  scientific 
advances.  The  need  of  adequately  acquainting  students  who  are  natives 
of  the  Philippine  Islands  with  modern  medical  and  scientific  work  is 
great,  and  in  conjunction  with  a  medical  school  this  library  will  form 
the  greatest  incentive  to  the  advance  of  medical  education  in  the  islands. 

An  increasing  number  of  Philippine  students  are  now  being  edu- 
cated in  the  United  States,  and  it  would  indeed  be  a  misfortune  if 
upon  their  return  to  their  native  country  they  should  be  cut  off  from 
the  literature  which  is  most  important  in  continuing  their  mental 
growth. 

APPARATUS   AND  SUPPLIES. 

The  purchase  of  apparatus  and  supplies  necessary  for  adequate  work 
has  greatly  improved  the  condition  of  the  laboratories  during  the  past 
year.  At  the  time  of  the  last  annual  report  the  bureau  was  very 
much  hampered  by  its  inability  to  meet  a  great  many  emergencies 
which  it  encountered,  and  by  the  fact  that  many  makeshifts  of  an 
inadequate  nature  were  of  necessity  resorted  to  in  adjusting  itself  to 
the  conditions  which  surrounded  it.  Appropriations  for  apparatus  and 
supplies  were  made  early  in  the  career  of  the  institution,  and  the 
orders  placed  in  Europe  and  America  have  been  gradually  filled,  so 
that  the  workers  may  be  said  to  be  fairly  well  equipped  at  the  present 
time,  although  many  fields  of  work  must  still  remain  untouched.  It  was 
at  first  supposed  that  a  considerable  proportion  of  the  mechanical 
accessories  for  laboratory  work  would  need  to  be  stored  or  held  up 
pending  the  completion  of  the  new  building,  but  experience  has  taught 
us  that  almost  everything  which  has  arrived  so  far  has  been  put  to 
immediate  use.  Some  large  pieces  of  apparatus,  which  can  be  applied 
only  in  connection  with  a  permanent  building  having  adequate  facili- 
ties in  the  way  of  power,  have  not  been  called  for,  because  no  pros- 
pect of  their  use,  however  necessary,  could  be  seen  until  space  could 
be  provided  by  the  new  structure.  This  statement  especially  refers 
to  the  machinery  which  will  be  needed  for  experimentation  on  com- 
mercial subjects  and  for  the  larger  apparatus  necessary  for  the  expe- 
ditious preparation  and  packing  of  serums.  The  vacuum  distilling 
plant,  which  will  handle  150  pounds  of  material  at  a  time,  the  large 
extractors  and  other  appliances  connected  with  the  work  on  essential 
oils,  rubber,  gutta-percha,  etc.,  have  not  as  yet  been  ordered,  but  will 
be  on  hand  in  time  for  installation  in  their  permanent  quarters. 

Up  to  the  present  time  the  laboratories  have  constantly  been  in  need 
of  microscopes,  the  supply  always  being  insufficient  for  the  demand. 
There  are  on  hand  five  Zeiss  instruments,  two  of  Bausch  &  Lomb,  and 
one  Zeiss  dissecting  microscope,  and  eight  more  instruments  are  on 
the  way.  These  will  probably  till  the  immediate  needs  so  far  as  the 
workers  in  the  biological,  entomological,  botanical,  and  serum  labora- 
tories are  concerned,  but  they  will  not  more  than  cover  this  ground, 
and  additional  instruments  will  be  purchased  as  funds  become  available. 

The  supply  of  chemical  balances  has  been  increased  somewhat  dur^ 
ing  the  present  year,  but  the  instruments  are  still  overcrowded.  Two 
more  are  on  the  way.    The  laboratories  have  long  felt  the  need  of  a 
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large  balance  with  a  normal  set  of  weights  for  the  purpose  of  checking 
the  instruments  of  other  bureaus  of  the  government,  and  a  set  of 
apparatus  to  cover  this  demand  has  been  ordered,  but  is  not  yet  on 
hand.  An  adequate  assaj^  outfit  to  meet  the  demand  for  this  class  of 
work  has  been  ordered.  In  the  meanwhile,  the  only  available  place 
for  assaying  is  at  the  mining  bureau,  the  laboratory  of  which  has  been 
placed  at  our  disposition  through  the  kindness  of  Messrs.  Burritt  and 
McCaskey.  The  complete  appliances  for  assay  work  in  the  bureau  of 
government  laboratories  will  probably  arrive  in  the  near  future.  The 
laboratories  are  fairly  well  supplied  with  microtomes  and  other  large 
biological  apparatus,  with  platinum  ware  and  appliances  for  carrying 
on  routine  work. 

Experiments  with  the  purpose  of  furnishing  an  adequate  gas  supply 
have  been  carried  on,  and  toward  the  close  of  the  year  1902  a  machine 
for  preparing  gas  from  cocoanut  oil  was  purchased,  the  principle  of 
which  is  one  of  destructive  distillation  of  the  oil  in  a  red-hot  iron 
retort.  The  amount  of  fuel  consumed  and  the  quantity  of  oil  neces- 
sary for  supplying  the  building  has  not  been  great,  and  the  gas 
has  been  of  a  quality  equal  to  that  supplied  by  any  of  the  larger 
institutions. 

At  present  the  chemical  laboratory  uses  about  200  cubic  feet  per 
day.  Results  with  this  type  of  apparatus  have  been  so  satisfactory 
that  it  is  proposed  to  install  the  same  class  witli  a  larger  tank  capacity 
in  the  new  building. 

CHEMICAL   LABORATORY. 

The  chemical  laboratory  has  been  compelled  to  meet  a  continual  call 
for  work  from  other  bureaus,  many  of  the  analyses  being  complex  and 
taking  a  considerable  amount  of  time.  Its  force  has  been  limited 
chiefly  because  of  the  lack  of  room,  and  also  for  the  reason  that  it  has 
been  diiEcult  to  obtain  chemical  workers  from  America. 

The  range  of  work  was  varied.  A  number  of  analyses  of  suspected 
counterfeited  silver  coins  for  the  custom-house  and  treasury  were 
made;  examinations  for  poisons,  some  of  which  were  for  chemico-legal 
purposes,  and  involved  testimony  in  court,  were  undertaken,  and 
investigations  of  stains,  in  cases  of  suspected  murder,  for  the  purpose 
of  determining  the  presence  or  absence  of  blood  have  been  asked 
in  two  instances.  Analyses  of  mineral  and  other  waters  have  been 
asked,  and  requests  for  reports  on  soils,  coals, paints,  alloys,  etc.,  have 
been  made.  The  exposition  board  has  submitted  a  large  number  of 
minerals  for  assay  and  for  partial  analysis,  and  the  work  in  this 
direction  has  been  pushed  as  rapidly  as  the  force  would  permit,  one 
man  being  continually  detailed  for  this  purpose.  It  is  hoped  the 
results  of  a  systematic  series  of  assays  will  give  us  a  fairly  clear  con- 
ception of  the  distribution  of  gold  and  silver  in  the  islands.  The 
samples  so  far  submitted  have  come  from  northern  Luzon,  Masbate, 
and  Camarines.  In  preparing  the  exhibits,  if  the  materials  can  be 
furnished,  as  large  a  number  of  coal  analyses  as  possible  will  be  made, 
and  the  laboratory  will  endeavor  in  other  ways  to  assist  in  determining 
the  chemical  nature  of  many  of  the  exhibits  to  be  sent  to  St.  Louis. 

Unfortunately  during  the  past  year  the  limitation  has  been  such 
that  no  one  chemical  worker  has  been  able  to  devote  his  time  to  research 
work,  and  such  investigations  as  have  been  accomplished  have  been 
undertaken  at  odd  moments  when  for  the  time  being  no  large  pressure 
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of  analjrtical  work  was  felt.  It  has,  however,  been  the  aim  of  the 
laboratories  to  completely  finish  the  work  on  India  rubber  and  gutta- 
percha which  it  beo-an  in  the  past,  and  in  order  to  prepare  a  complete 
bulletin  on  the  subject  in  time  for  the  exposition  at  St.  Louis,  Doctor 
Sherman  has  been  sent  on  a  second  expedition  to  the  southern  islands 
with  the  purpose  of  completely  filling- in  those  portions  of  his  previous 
work  which  had  been  left  open.  This  subject  it  is  to  be  hoped  is  now 
exhaustively  covered,  and  a  map  showing  the  distribution  of  gutta- 
percha and  India  rubber,  together  with  the  methods  of  collecting  and 
marketing  the  same,  will  form  an  excellent  guide  for  manufacturers 
and  producers. 

^  A  brief  exploration  of  Mindoro  was  also  undertaken  by  Doctor 
Sherman,  where  a  new  source  of  rubber  was  discovered,  the  latter 
being  apparently  of  a  superior  quality.  Samples  of  this  product  have 
been  submitted  to  manufacturers  in  America  for  valuation. 

The  superintendent  of  government  laboratories,  together  with  Doctor 
Sherman  and  representatives  from  the  mining  and  agricultural  bureaus, 
made  a  trip  to  Paragua,  because  it  had  been  reported  that  the  true 
Dichopsis  gutta  occurred  in  this  little-known  island.  Although  the 
region  was  covered  from  Tai  Tai  in  the  north  to  Balabac  in  the  south, 
neither  gutta-percha  trees  nor  india-rubber  vines  were  encountered, 
the  results  proving  negative  in  this  respect,  excepting  in  regard  to  the 
valuation  of  Paragua  as  a  gutta-percha  and  india-rubber  producing 
region. 

The  location  on  this  island  of  the  tree  producing  gum  dammar  was 
studied,  and  a  considerable  quantity  of  the  resin  brought  to  Manila  for 
exhibition  purposes  and  for  investigation. 

Accompanying  the  india-rubber  and  gutta-percha  investigations, 
the  laboratory  has  endeavored  to  undertake  a  course  of  study  of  the 
gums  and  resins  of  the  island,  and  Mr.  Bliss  began,  and  has  to  a  large 
extent  completed,  a  line  of  work  comprising  the  so-called  "brea." 
The  examinations  so  far  conducted  have  shown  that  a  number  of  trees 
produce  products  similar  to  the  "brea''  of  commerce,  from  which  oil 
of  elemi  is  extracted.  The  essential  oils  obtained  from  these  various 
sources  varied,  and  one  sample  produced  a  large  percentage  of  almost 
pure  pinene.  The  particulars  of  this  work  will  be  given  under  the 
report  of   the  chemical   laboratory.      Examinations  of   manapo  oil, 

Eanao  oil,  tapulao  resins,  and  others  have  been  undertaken,  and  it  is 
oped  that  in  the  course  of  the  next  year,  with  a  sufficient  laboratory 
force  to  push  the  work,  a  systematic  report,  covering  a  large  percent- 
age of  the  gums  and  resins  of  the  islands,  can  be  prepared.  Two  sam- 
ples of  mineral  oils  have  been  brought  to  the  laboratory  for  analysis, 
both  being  surface  oils.  The  nature  of  one  of  these  was  such  as  to 
warrant  the  advice  for  further  exploration. 

The  advantages  to  the  government  of  the  chemical  laboratory,  in 
addition  to  the  necessary  analytical  work  demanded  in  the  Philippine 
Islands,  must  lie  in  systematic  investigations  of  the  resources  of  the 
archipelago,  in  the  study  of  methods  for  improving  present  manu- 
facturing conditions,  and  in  demonstrating  the  value  of  products  at 
present  neglected.  It  would,  for  example,  be  of  the  higfiest  impor- 
tance if  a  sufficient  force  of  workers  were  on  hand  to  systematically 
investigate  the  possibilities  of  cement  production,  and  a  bulletin  giving 
complete  data  on  this  subject  for  the  benefit  of  the  government  and 
of  manufacturers  would  be  of  sufficient  value  in  cheapening  the  price 
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of  cement  to  pay  for  the  expense  of  the  undertaking.  The  same  con- 
ditions apply  to  coals.  A  systematic  determination  of  the  value  of 
Philippine  coals,  based  upon  a  complete  series  of  analyses  and  investi- 
gation of  the  fields,  would  finally  place  our  knowledge  of  this  impor- 
tant product  upon  a  firm  and  definite  basis. 

While  the  islands  produce  a  considerable  number  of  essential  oils 
which  have  a  sale  in  the  markets  of  the  world,  it  is  unquestionably 
true  that  many  flowers  as  yet  unstudied  would  increase  the  range  of 
this  class  of  products,  and  activity  in  this  line  will  be  undertaken  as 
soon  as  apparatus  for  the  proper  carrying  on  of  the  work  is  available. 
The  vegetable  products  of  the  archipelago  in  relation  to  the  prepara- 
tion of  alkaloids  and  other  substances  of  value  in  medicine  have  not 
been  studied  from  a  systematic  point  of  view  in  the  laboratory,  but 
indications  which  we  have  had  in  the  past  show  us  that  in  the  future  a 
large  field  exists  for  this  class  of  research. 

The  chemical  laboratory  will  only  demonstrate  its  true  value  to  the 
government  if  it  can  have  a  sutficient  staflf  to  enable  it  to  properly 
cany  out  investigations  of  the  class  outlined  above.  The  routine 
work  and  analyses  need  to  be  done,  but  the  largest  returns  must 
be  expected  from  research  work  tending  to  improve  the  commercial 
conditions  of  the  islands.  Besides  inadequacy  in  the  force  at  present 
available,  the  laboratory  has  been  hampered  by  lack  of  collectors.  In 
order  to  S3^stematically  survey  a  field  such  as  would  be  necessary  in 
the  study  of  cement  products  or  of  coals,  it  will  be  essential  to  have 
men  at  the  command  of  the  institution  who  can  be  sent  to  the  various 
regions  of  importance  to  completely  survey  and  map  the  territory. 
Such  research  work  as  has  been  attempted  in  the  past  has  alwa3\s  been 
hampered  by  the  fact  that  the  source  of  supply  has  been  intermittent 
and  substances  have  been  investigated  which  have  come  from  widely 
different  areas  in  the  islands  and  which  presumably  have  no  connection. 

Vegetable  products  of  economic  importance  are  often  brought  to 
the  laboratory,  but  the  statement  as  to  their  source,  the  trees  or  plants 
from  which  they  come,  and  all  other  data  are  so  meager  that  no  basis 
for  report  of  value  on  the  extent  or  distribution  of  the  products 
derived  from  them  could  be  made.  In  the  case  of  India  rubber  and 
gutta-percha  the  bureau  was  compelled  to  spare  its  leading  man  in  the 
chemical  laboratory  in  order  to  obtain  proper  data  for  the  preparation 
of  a  bulletin  on  this  subject.  In  future  requests  for  appropriation  a 
collector  for  the  chemical  laboratory  will  be  asked  for,  and  it  is  hoped 
that  within  a  year  the  institution  will  be  in  a  position  to  investigate 
commercial  subjects  covering  an  extended  area  and  to  prepare  bulletins 
of  great  value  for  the  economic  advance  of  the  islands. 

THE  TRANSFER  OF  THE  SERUM  LABORATORY  FROM  THE  BOARD  OF 

HEALTH. 

On  January  30  of  the  current  year,  act  607  of  the  Commission  trans- 
ferred the  serum  laboratory  from  the  board  of  health  to  the  bureau 
of  government  laboratories,  and  Dr.  James  W.  Jobling  was  appointed 
director  of  the  serum  laboratory.  Some  development  of  this  portion 
of  the  bureau  had  taken  place  under  the  board  of  health,  but  owing  to 
varied  duties  of  that  body,  as  specific  attention  as  was  needed  could  not 
be  given  to  the  preparation  of  serums  and  vaccine;  as  a  result,  the 
vaccine  virus  used  in  the  islands  had  deterioriated  through  successive 
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years  until  it  was  of  but  little  value.  The  preparation  of  rinderpest 
serum  had  suffered  a  set-back  by  the  introduction  into  the  paddocks  of 
foot-and-mouth  disease,  and  the  absence  of  virulent  blood  to  keep  the 
immune  heard  in  the  state  of  highest  efficiency. 

The  energies  of  the  new  director  were  at  once  turned  toward  obtain- 
mg  a  herd  free  from  all  disease,  to  quarantining  all  animals  in  future 
admitted  to  the  laboratory,  to  improving  the  vaccine  virus  by  a  fresh 
importation  from  Japan,  and  to  obtaininga  regular  and  sufficient  supply 
of  small  animals,  such  as  guinea  pigs  and  rabbits.  With  the  addition 
of  the  buildings  mentioned  above  the  serum  laboratory  was  soon  in  a 
condition  to  do  efficient  work.  Foot-and-mouth  disease  disappeared, 
the  systematic  care  and  feed  of  the  cattle  brought  about  a  betterment 
of  their  conditions,  and  since  the  first  of  February  the  laboratory  has 
never  lacked  for  efficient  vaccine  virus  and  for  a  sufficient  quantity  of 
rinderpest  serum.  The  heard  of  immune  cattle  has  lately  been  increased 
to  about  eighty  animals,  and  new  ones  are  being  purchased  as  oppor- 
tunity permits.  The  great  call  for  its  serum  is  evidenced  by  the  fact 
that  over  4,000  animals  have  been  immunized  in  the  provinces;  that 
several  thousand  doses  have  been  shipped  to  Shanghai  for  use  with 
the  Government  cattle  to  be  imported,  and  that  some  quantities  have 
been  sold. 

The  demand  for  vaccine  virus  has  been  unprecedented,  and  during 
the  past  six  months  900,000  doses  have  been  prepared.  The  board  of 
health  has  made  an  extended  call  for  Shiga  prophylactic  against  plague, 
and  up  to  the  present  time  some  4,000  c.  c.  of  this  substance  have  been 
placed  at  its  disposal. 

The  necessity  for  plague  serum  has  always  been  felt,  and  the  only 
reason  why  it  has  not  been  manufactured  in  Manila  has  been  from  lack 
of  means  and  the  possibility  of  systematic  work.  The  serum  labora- 
tory began  the  purchase  of  horses  as  soon  as  it  was  transferred  to  the 
bureau  of  government  laboratories,  and  now  has  on  hand  five  animals 
which  are  rapidly  being  brought  to  the  point  where  they  will  yield 
serum  of  good  efficiency.  Eight  hundred  cubic  centimeters  of  anti- 
pestic  serum  have  already  been  prepared  and  disposed  of.  The  rapid 
development  of  this  work,  the  health  of  the  animals,  and  the  discipline 
and  system  prevailing  in  the  serum  laboratory  reflect  the  highest  credit 
on  its  director.  The  facilities  of  the  laboratory  will  be  increased  as 
time  goes  on,  and  the  bureau  will  soon  be  in  the  position  to  furnish 
on  demand  all  classes  of  serums  and  prophylactics  which  may  be  needed 
in  the  islands. 

The  laboratory  has  cooperated  with  the  board  of  health  in  inoculat- 
ing cattle  against  rinderpest,  and  expeditions,  composed  of  employees 
of  both  institutions,  have  been  sent  to  various  parts  of  the  islands. 
At  the  present  time  every  assistance  in  the  power  of  the  bureau  is 
being  rendered  the  insular  purchasing  agent  in  the  care  of  the  animals 
which  are  being  imported  for  the  purpose  of  restocking  the  islands. 

The  connection  which  the  laboratories  have  had  with  the  importation 
of  horned  animals  has  brought  to  its  attention  the  fact  that  practically 
a  number  of  diseased  ones  arrive  with  each  shipment.  This  condition 
emphatically  calls  for  the  establishment  of  a  cattle  quarantine  station 
at  Manila  and  for  the  necessary  improvements  thereon  to  enable  the 
board  of  health  to  efficiently  and  promptly  handle  all  shipments;  to 
control  sick  animals;  to  inoculate  such  as  need  this  treatment,  and  to 
prevent  the  introduction  of  further  disease  into  the  islands.     After 
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the  work  of  inoculation  has  been  extended  over  the  Archipelago,  it 
will  be  necessary  to  prevent  the  reintroduction  of  rinderpest,  and 
quarantine  stations  at  the  main  ports  of  entry  in  the  provinces  will  be 
the  only  means  by  which  this  can  be  done. 

The  pressure  of  work  on  the  serum  laboratory  has  been  so  great  that 
none  of  the  employees  have  been  able  to  devote  any  time  to  investiga- 
tions, all  of  their  energies  being  directed  to  the  actual  manufacture  of 
serums  and  prophylactics,  which  are  in  steady  demand.  The  scientific 
force  has  been  very  limited;  in  fact  it  may  be  said  that  the  director 
is  the  only  one  in  this  laboratory  who  has  had  adequate  experience  and 
training,  with  the  exception  of  Dr.  eTohn  G.  Slee  of  tbe  board  of 
health,  who  has  practically  been  detailed  to  the  serum  laboratory,  and 
whose  assistance  has  been  of  the  greatest  value.  Unfortunately  the 
emergency  brought  about  by  the  purchase  of  cattle  at  Shanghai  has 
rendered  it  essential  to  send  Doctor  Slee  to  that  port,  and  this  has  left 
the  laboratory  without  his  efficient  help.  This  condition  has  been  felt 
by  the  Commission,  and  an  effort  has  been  made  to  secure  the  services 
of  a  thoroughly  trained  assistant  director  from  America.  As  yet  the 
government  has  not  been  able  to  ascertain  whether  the  proper  man 
has  been  found. 

The  advantages  of  research  work  in  the  serum  laboratory  are  obvious. 
If,  for  example,  careful  investigations  would  develop  means  to  so  increase 
the  potency  of  the  rinderpest  serum  as  to  diminish  the  necessary  dosage 
by  one-half,  the  expenses  of  the  laboratory  would  be  cut  down  in  pro- 
portion, and  the  same  is  true  of  all  other  lines  in  which  the  institution 
IS  engaged.  Jn  the  course  of  the  next  year  it  is  hoped  that  a  sufficient 
number  of  scientifically  trained  men  will  be  on  hand  to  obviate  the 
danger  of  loss  in  efficiency  to  the  laboratory  through  sickness  or  other 
causes,  and  to  enable  it  to  carry  on  investigations  which  will  diminish 
the  cost  of  production  and  increase  the  efficiency  of  its  products.  The 
immunization  of  cattle  against  rinderpest  is  more  successful  and  in 
better  operation  to-day  in  the  Philippine  Islands  than  in  any  other 
part  of  the  world.  The  perfecting  of  the  technique  of  this  work  and 
its  successful  application  are  due  to  the  efforts  of  the  bureau  of  gov- 
ernment laboratories,  and  with  such  results  to  point  to,  it  is  but  fair  to 
its  employees  to  recognize  that  they  can  not  continue  unless  a  sufficient 
number  of  men  are  engaged  to  enable  the  ones  on  hand  to  have  some 
time  for  rest  and  recuperation,  and  opportunity  for  the  more  interest- 
ing phases  of  original  work.  The  details  of  the  work  of  the  serum 
laboratory  will  be  found  in  the  report  of  the  director. 

BIOLOGICAL.  LABORATORY. 

During  the  past  year  the  force  of  the  biological  laboratory  has  been 
augmented  by  two  men.  Doctors  Wherry  and  Wooley,  who  arrived  in 
Manila  on  January  28.  These  additional  workers  formed  a  welcome 
increase  in  the  laboratory  force,  because  the  pressure  of  the  diagnostic 
work  for  various  hospitals  and  bureaus  had  become  so  great  that  the 
limited  number  of  men  on  hand  were  no  longer  able  to  keep  up  with 
it.  During  the  past  six  months  the  demand  for  this  class  of  assistance 
from  the  bureau  of  government  laboratories  has  increased  very  rap- 
idly, approximately  7,000  diagnoses  having  been  made.  In  addition 
20,000  rats  and  mice  have  been  received  at  the  laboratory  for  examina- 
tion to  determine  the  presence  or  absence  of  plague,  4  medico-legal  cases 
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have  been  handled,  500  tissues  prepared  for  microscopic  work  and  a 
laj^e  number  of  post-mortem  examinations  undertaken. 

For  a  time  culture  media  prepared  in  the  biological  laboratory  were 
furnished  to  the  serum  laboratory,  but  subsequently  this  was  found  to 
be  inexpedient  and  the  serum  laboratory  is  now  manuf acturinpf  a  large 
proportion  of  its  own. 

Endeavors  to  do  research  work  have  been  limited  by  the  demand 
for  diagnoses,  and  the  same  conditions  prevail  in  the  biological  labora- 
tory as  are  found  in  the  chemical  and  serum  laboratories  and  the  same 
need  exists  for  a  sufficient  force  to  enable  men  here  to  take  some  rec- 
reation and  rest.  The  largest  piece  of  investigation  has  been  that  of 
Trypanosoma  and  Tripanosomiasis  by  Doctor  Musgrave,  assisted  by 
Messrs.  Clegg  and  Williamson. 

One  of  the  duties  of  the  force  of  the  biological  laboratory  which 
interferes  with  the  use  of  their  time  in  their  proper  sphere  of  work 
lies  in  the  clerical  details  which  need  to  be  performed  in  the  entering 
and  filling  out  of  the  prescribed  blank  requests  for  diagnosis.     This 

Eortion  of  the  work  of  the  bureau  could  more  properly  be  perfoKmed 
y  a  man  who  could  be  engaged  at  a  much  smaller  salary  than  the 
scientific  corps  should  receive,  and  it  is  to  be  hoped  that  a  record  clerk 
to  take  charge  of  these  duties  will  be  authorized  at  the  beginning  of 

next  year.  1.1,1 

The  biological  laboratory,  just  as  is  true  of  the  chemical  laboratory 
and  the  serum  laboratory,  will  need  to  have  a  sufficient  force  to  enable 
it  to  do  research  work.  The  exposure  of  a  community  in  the  Tropics 
to  the  various  diseases  incident  upon  its  location  is  constant,  and  the 
importance  of  an  adequate  study  of  the  results  of  tropical  infection 
and  their  causes  can  not  be  underestimated.  .    1  i  r 

The  laboratory  force  in  an  institution  such  as  the  biological  labora- 
tory should  be,  for  practical  purposes,  divided  into  two  sections,  the 
clinical  section,  which  has  to  deal  with  diagnoses,  and  the  pathological 
or  research  section,  which  devotes  itself  to  the  investigation  of_tropi- 
cal  diseases.  All  men  in  this  line  of  work  coming  from  the  United 
States  necessarily  lack  training  in  the  field  of  tropical  diseases,  and 
the  proper  system  should  be  to  have  them  first  take  up  work  m  the 
clinical  section  until  they  are  acquainted  with  the  various  affections 
which  they  may  encounter.  Much  of  the  clinical  work  is  interesting, 
especially  to  those  beginning  tropical  work,  and  a  moderate  amount  ot 
it  broadens  the  pathologist  and  furnishes  data  for  investigations.  On 
the  other  hand,  a  continuous  grind  at  the  microscope,  without  time  to 
follow  up  interesting  results,  becomes  monotonous,  and  m  the  ena 
decreases  his  efficiency.  After  ample  experience  has  ^flS^^^^^M^A 
employees  in  clinical  work  should  have  an  opportunity  to  ^  promote^^ 
to  the  research  division  whenever  vacancies  exist  ihe  gradual 
increase  of  the  number  of.  employees  engaged  m  biological  research 
wS  is  looked  for,  and  it  is  toVhoped  that  in  the  courseof  the  next 
year  even  more  important  results  wfth  research  work  will  be  accom- 
Shed  than  have  been  shown  during  the  twelve  months  J^^t^^f^: 
^  Dr  W.  E.  Musgrave  was  acting  director  of  the  biological  laboratory 
from  December  k  1902,  to  July  15, 1903,  taking  the  ^ace  o^^^^^ 
Richard  P.  Strong,  who  was  absent  m  Europe  on  leave. ^B^^^^^^ 
grave,  in  addition  to  his  numerous  duties,  was  ^^le  to  p^^^ 
Ixtensive  and  creditable  investigation  on  the  subject  of      burra, 
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carrying  on  his  work  in  the  fly -proof  stable  at  the  serum  laboratory. 
His  results  in  brief  have  already  been  published  in  a  preliminary 
bulletin,  and  the  extended  report  is  soon  to  appear. 

The  study  of  surra  in  the  Philippine  Islands  has  made  it  evident 
that  this  is  one  of  the  greatest  dangers  to  which  domestic  animals  can 
be  exposed.  The  loss  by  death  of  horses  contracting  this  disease  in 
the  Philippine  Islands  has  been  enormous,  and  consequent!}^  the  investi- 
gations carried  on  by  Doctor  Musgrave  formed  a  basis  for  the  recom- 
mendation to  the  board  of  health  of  a  quarantine  law  for  horses 
imported  into  the  islands,  and  also  as  to  the  means  of  destroying  the 
infection  at  present  existing.  It  is  to  be  hoped  that  some  action  on 
this  subject  can  be  taken  by  the  board  of  health  and  the  Commission 
in  the  near  future.  Recently  another  disease  of  cattle  was  introduced 
from  China.  The  value  of  efficient  laboratory  service  was  demonstrated 
by  the  fact  that  the  disease  was  recognized,  its  nature  and  dangers 
determined,  and  steps  taken  to  prevent  its  spread  by  the  force  of  the 
serum  and  biological  laboratories  within  a  week  of  its  appearance. 

Doctor  Strong  returned  to  the  islands  on  the  15th  of  July,  after 
having  spent  a  number  of  months  in  study  in  Berlin,  and  no  doubt  the 
results  of  his  experience  will  be  seen  in  the  important  research  work 
which  will  be  produced  from  the  laboratory  in  the  next  year. 

ENTOMOLOGICAL.  WORK  OF  THE  BUREAU  OF  GOVERNMENT  LABORA- 
TORIES. 

Mr.  Charles  S.  Banks,  after  passing  the  civil-service  examination, 
was  engaged  by  the  bureau  of  government  laboratories  on  December 
9,  1902,  and  was  immediately  dispatched  to  Negros  for  the  purpose  of 
studying  the  insects  which  are  destroying  or  interfering  with  the 
growth  of  the  cacao  plant,  and  also  for  suggesting  such  remedies  as 
may  be  possible  in  destroying  parasites  attacking  this  valuable  shrub. 
His  work  covered  four  months,  and  was  mainly  carried  on  at  Maao, 
where  large  plantations  exist.  Inasmuch  as  no  work  had  previously 
been  done  in  the  economic  entomology  of  the  Philippines,  nothing  was 
known  practically  of  the  extent  to  which  cacao  is  injured  by  insects. 
It  was  therefore  necessary  to  gather  all  data  on  insects  affecting  the 
plant  in  general,  including  roots,  trunk,  leaves,  flowers,  and  fruit.  A 
large  number  of  specimens  were  collected,  covering  all  forms  of  insect 
and  myriapod  life  found  upon  the  cacao  trees,  a  collection  secured  of 
forms  attacking  the  roots,  including  eggs,  larvae,  and  adults,  and  other 
forms  attacking  the  branches,  twigs,  leaves,  flowers,  and  fruit.  A 
number  of  specimens  of  the  wood  which  had  been  attacked  were 
secured  in  connection  with  the  insects  causing  the  destruction,  and 
many  photographs  were  taken. 

A  few  other  places  in  Negros  were  also  visited  by  Mr.  Banks,  and 
through  this  increased  range  of  his  studies  he  came  to  the  conclusion 
that  the  insect  pests  are  alike  on  all  plantations  in  that  region.  Since 
his  return  to  Manila  Mr.  Banks  has  been  engaged  in  working  up  and 
classifying  his  material,  and  the  results  will  soon  be  published  in  a 
bulletin  which  it  is  hoped  will  be  of  great  value  in  assisting  cacao 
growers  to  preserve  and  protect  their  plantations.  The  value  of  bul- 
letins of  this  nature,  founded  upon  actual  experience,  is  great,  and  if 
the  entomologists  of  the  laboratory  assist  the  agriculturists  by  such 
means  the  value  of  their  services  to  the  general  public  will  soon  be 
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recognized.  An  assistant  entomologist,  Mr.  eT.  L.  Webb,  was  secured 
at  the  instance  of  the  forestry  bureau  for  the  .purpose  of  studying  the 
insect^  lite  harmful  to  the  forest  growth  of  the  islands.  As  yet  his 
work  IS  not  far  enough  advanced  to  speak  of  the  results  accomplished 
thereby. 

The  prevalence  of  malaria,  surra,  and  other  diseases  transmitted  bv 
biting  insects  demonstrates  the  necessity  of  a  systematic  study  of  the 
mosquitoes  and  biting  flies  of  the  islands  and  the  adoption  of  means 
for  their  extermination.  An  entomologist  can  not  be  engaged  in  prob- 
lems involving  agriculture  in  one  district  and  in  work  on  mosquitoes 
in  another  at  the  same  time,  and  the  need  of  more  workers  in  the  field, 
so  as  to  enable  the  bureau  to  cover  at  least  a  portion  of  the  ground  in 
a  reasonable  time,  is  evident.  It  is  hoped  the  entomological  division 
will  not  only  show  rapid  progress  in  the  future,  but  will  also  be  able 
to  attract  investigators  from  other  parts  of  the  world. 

THE  TRANSFER  OF  THE  BOTANICAL  WORK  TO  THE  BUREAU  OF  GOV- 
ERNMENT LABORATORIES. 

Botanical  work  is  continually  demanded  by  at  least  three  bureaus  of 
the  government,  and  it  would  therefore  seem  logical,  following  the 
plan  adopted  with  other  laboratory  work,  to  combine  all  botanical 
work  under  one  head,  and  the  bureau  of  government  laboratories 
would  obviously  be  the  institution  where  it  could  best  be  cared  for. 
The  library  already  is  partly  organized,  and  much  of  the  equipment 
needed  by  other  scientific  workers  in  the  bureau  is  the  same  as  that 
which  would  be  employed  by  the  botanists,  so  that  obviously  this 
course  Avould  prevent  duplication  both  of  equipment  and  of  books. 
The  interests  of  the  government  laboratories  frequently  lie  in  direc- 
tions which  are  concerned  with  the  properties  of  medicinal  plants, 
dies,  tanning  substances,  gums,  and  resins,  and  are  therefore  immedi- 
ately associated  with  the  work  of  systematic  botan}^,  and  moreover 
vegetable  pathology  is  closely  allied  to  other  lines  of  pathological 
work. 

The  question  of  identification  of  plants  will  therefore  constantly 
arise  in  the  bureau,  and  botanical  work  would  need  to  be  carried  on 
in  it.  The  result,  provided  botanists  were  engaged  in  other  bureaus 
as  well,  would  be  a  duplication  of  work.  The  present  status  of  botan- 
ical investigation,  being  divided  as  it  is  between  the  bureaus  of  agricul- 
ture and  of  forestry,  entails  more  or  less  loss  of  time,  owing  to  conflicting 
demands,  and  also  more  work  than  one  man  can  hope  to  accomplish. 

At  the  present  time  it  is  impossible  immediately  to  secure  more 
botanists,  nor  will  it  be  possible  for  the  laboratories  to  give  all  the 
space  to  botanical  work  which  is  necessaiy,  but  the  transfer  of  such 
force  and  equipment  as  is  now  on  hand  could  be  made  at  once,  and 
during  the  next  six  months  assistants  could  be  obtained  froni  America. 
The  demands  at  present  call  for  at  least  one  assistant  botanist  to  help 
Mr.  Merrill,  the  botanist,  in  the  work,  and  for  two  collectors,  who 
should  be  qualified  to  go  to  the  provinces  and  obtain  material.  At 
least  one  man  should  be  in  Manila  all  the  time  to  care  for  the  material 
which  is  coming  in.  This  involves  a  force  of  four  men  at  the  present, 
and  it  is  believed  that,  with  careful  training,  well  qualified  assistants 
can  be  developed  from  among  the  natives  of  the  islands.  The  botjin- 
ical  collectors,  if  in  the  bureau  of  government  laboratories,  could  also 
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assist  in  bringing  in  material  which  is  necessary  for  chcnrical  investi- 
gations, and  would  thus  materially  advance  the  interests  of  the  entire 
institution. 

If  the  transfer  of  the  present  botanist  of  the  agricultural  bureau  to 
the  bureau  of  government  laboratories  is  accomplished,  and  when  his 
assistant  and  two  collectors  are  on  hand,  it  is  certain  tliat  the  bureau 
of  government  laboratories  can  canyon  work  satisfactory  to  the  other 
departmeiits  of  the  government  which  are  interested  in  this  line  of 
investigation.  In  the  new  building  sufficient  space  for  laboratory 
work  and  for  herbaria  can  be  furnished.  When  the  clerical  force  of 
the  bureau  is  fully  organized,  it  will  be  able  to  carry  on  the  work  of 
cataloguing  and  classifying  the  material  belonging  to  the  botanical 
laboratory  as  well  as  that  of  the  entomologists.  Eventually  it  will  be 
advisable  to  organize  a  botanical  laboratory  under  a  director,  who 
should  be  a  thoroughly  trained  plant  pathologist  and  physiologist. 
This  director  should  be  obtained  during  the  course  of  the  next  year. 

The  agricultural  and  forestry  bureaus  have  purchased  a  number  of 
books  and  sets  relating  to  botany,  which,  after  January  1, 19(M,  should 
be  transferred  to  the  library  of  the  bureau  of  government  laborato- 
ries. The  bureau  itself  will  endeavor  to  round  out  and  complete  the 
botanical  library  and  will  thus  consolidate  one  more  line  of  scientific 
work  with  the  central  organization. 

Original  specimens  should  be  kept  in  the  laboratory  herbaria  and 
duplicates  sent  to  the  various  scientific  institutions  for  identification. 
It  is  certain  that  the  organization  of  the  botanical  laboratory  according 
to  this  plan  will  result  as  successfully  as  it  has  in  the  case  of  the 
chemical,  biological,  and  serum  laboratories. 

THE   WORK   OF   MAKING   MICROSCOPIC    SECTIONS   FOR   THE    FORESTRY 

BUREAU. 

In  accordance  with  a  request  submitted  bj^  the  chief  of  the  bureau 
of  forestry,  Mr.  J.  J.  Eaton,  of  the  bureau  of  education,  was  engaged 
in  the  bureau  of  government  laboratories  during  his  vacation  for  the 
work  of  preparing  microscopic  sections  from  the  different  kinds  of 
wood  found  in  trie  Philippine  Islands.  In  all  48  varieties  were 
examined. 

Some  difficulties  were  experienced  in  softening  the  wood  tissues  so 
that  they  might  be  cut  with  a  microtome,  but  a  20  per  cent  solution  of 
potassium  hydroxide  finally  proved  fairly  satisfactory.  The  softening 
of  the  various  kinds  of  wood  takes  from  four  to  twenty-four  days, 
according  to  the  variety,  some  extremely  resistent  ones  requiring 
heating  with  the  solution  in  an  autoclave.  After  softening  and 
removing  water  by  means  of  successive  alcohol  baths,  the  tissues 
were  mounted  in  celloidin  and  cut  by  the  microtome.  The  results 
were  in  every  way  satisfactory,  as  it  developed  that  different  kinds  of 
wood  and  the  qualities  thereof  could  be  readily  determined  bj^  this 
means.  Specimens  of  two  of  the  photomicrographs  taken  from  these 
sections  demonstrate  this  fact.  The  preliminary  report  of  Mr.  Eaton 
is  appended,  and  the  complete  results  of  his  work  will  be  published  in 
conjunction  with  the  bureau  of  forestry. 
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THE   LABORATORY   OF   WEIGHTS   AND   MEASURES. 

The  proposed  laboratory  of  weights  and  measures  was  mentioned  in 
the  last  annual  report,  and  since  that  time  the  necessity  for  such  an 
institution  has  become  more  apparent.  Requests  for  certification  of 
weights  and  measures  arc  now  frequently  made  of  the  bureau,  but  so 
far  it  has  not  been  able  to  meet  the  reciuirements.  A  certain  amount 
of  this  class  of  work  can  ])e  undertaken  when  the  balances  and  standard 
weights  arrive,  but  it  will  not  be  until  a  physical  laboratory  is  com- 
pleted that  systematic  and  comprehensive  results  can  be  expected. 
This  laboratory  is  of  the  highest  importance,  and  it  is  recommended 
that  a  physical  chemist  and  assistant  be  engaged  as  soon  as  the  new 
building  is  ready  for  occupancy.  Most  of  the  apparatus  needed  for 
this  work  will  be  on  hand  at  that  time,  and  steps  are  now  being  taken 
to  order  a  number  of  more  important  pieces,  including  a  dividing- 
engine  for  lineal  measurements.  A  charge  shoidd  l)e  made  for  1)usl^ 
ness  done  for  private  individuals,  and  this  would  materially  add  to  the 
income  of  the  laboratory. 

THE   MARINE   BIOLOGICAL  LABORATORY. 

The  feasibility  of  establishing  a  marine  biological  laboratory  in 
conjunction  with  the  bureau  has  been  in  the  mind  of  the  superintend- 
ent of  government  laboratories  since  its  organization,  but  the  condi- 
tions did  not  seem  favorable  for  .suggesting  this  new  departure  in 
laborator}^  work  in  the  Philippine  Islands,  because  the  efforts  of  the 
persons  interested  in  general  lal>oratory  work  necessarily  were  directed 
towards  establishing  those  lines  which  were  more  immediately  neces- 
sary and  which  could  give  results,  the  advantage  of  which  Avould  be 
obvious  in  the  beginning.  It  is,  however,  certain  that  the  stud}^  of  so 
large  and  important  a  source  of  food  supply  as  is  given  l)y  the  marine 
life  in  the  waters  surrounding  the  archipeligo  can  not  be  indelinitely 
neglected.  The  lield  for  investigation  is  enormous.  The  activit}^  of 
the  laboratory  would  be  limited  only  by  the  means  at  its  disposal,  and 
the  results  would  be  extremely  valuable  both  from  an  economic  and  a 
scientific  standpoint. 

It  is  to  be  realized  that  the  value  of  such  a  laboratory,  just  as  is  the 
case  with  all  others,  can  not  be  measured  from  the  standpoint  of  com- 
mercial advantage  only.  The  islands  and  the  people  are  advancing  in 
civilization,  and  in  order  to  encourage  this  advance  no  more  interesting 
and  important  line  of  work  than  that  undertaken  by  a  marine  biologi- 
cal laboratory  can  l)e  mentioned.  The  central  institution  for  this  class 
of  work  might  with  advantage  be  located  in  Manila,  where  an  aqua- 
rium, such  as  is  found  in  the  city  of  Naples,  although  not  so  elaborate, 
would  add  greatly  to  its  value  as  an  economic  institution;  substations 
could  be  established  at  other  points  in  the  islands,  and  proper  dredging 
machinery  could  be  attached  to  one  or  two  of  the  smaller  government 
vessels  without  great  expense.  It  is  apparent  that  a  marine  biological 
laboratory  should  be  organized,  if  at  all,  as  a  branch  of  the  bureau  of 
government  laboratories,  because  the  same  arguments  in  regard  to 
duplication  of  laboratory  facilities,  apparatus,  and  workers  apply  to  it 
as  do  the  other  established  divisions  of  the  work. 
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SCALE   OF   CHARGES   FOR   LABORATORY   WORK. 

During  the  past  six  months  an  important  move  has  been  made  by 
the  laborator}^  in  the  adoption  by  the  Commission  of  a  resolution 
authorizing  work  for  private  parties  according  to  a  scale  of  charges  to 
be  approved  b}^  the  honorable  the  secretary  of  the  interior. 

Manila  has  been  without  adequate  private  laboratory  facilities,  and 
physicians  requiring  diagnoses  or  business  men  and  others  needing 
analyses  have  been  compelled  either  to  forego  the  results  which  were 
needed  or  to  send  material  to  other  countries.  This  has  been  obviated 
b}^  the  present  S3^stem,  and  a  steadily  increasing  income  has  been 
brought  to  the  laboratories,  the  chief  demand  having  been  for  mineral 
assays. 

The  serum  laborator}^  as  yet  has  not  been  authorized  to  sell  its  pro- 
ducts to  private  individuals,  nor  indeed  has  this  been  feasible,  because 
no  surplus  has  been  on  hand.  It  is,  however,  obvious  that  once  the 
plant  is  established  and  the  manufacture  of  serums  well  under  way,  a 
very  slight  addition  in  the  cost  of  the  whole  will  enal)le  the  laboratory 
to  supply  serums  and  prophylactics  to  the  outside  world.  A  small 
beginning  has  already  been  made  in  the  sale  of  antirinderpest  serum 
to  parties  in  Shanghai,  and  it  is  hoped  that  this  business  can  be 
increased  in  the  various  tropical  countries  to  such  an  extent  that  a 
large  share  of  the  expenses  of  the  serum  laboratory  will  be  met  thereby. 

A  scale  of  charges  for  work  done  for  other  bureaus  has  been  in  force 
for  the  past  six  months,  and  the  result  shows  the  actual  money  value 
of  the  work  performed  by  the  bureau  of  government  laboratories. 
However,  the  fact  that  such  a  course  necessitated  a  duplication  of 
appropriation  has  led  the  Commission  to  change  the  conditions  in  such 
a  way  that  now  the  laboratories  will  need  to  submit  only  an  annual 
report  of  the  value  of  such  laboratory  work,  had  it  been  charged 
according  to  the  same  scale  of  prices  as  is  adopted  for  private 
individuals. 

THE  CLERICAL  FORCE  OF  THE  LABORATORY. 

The  laboratories  have  depended  upon  the  two  stenographers  of  the 
bureau  for  all  clerical  work  since  its  organization  and  up  to  the  1st  of 
January.  This  was  possible  because  the  large  orders  from  abroad  had 
not  been  received,  and  the  amount  of  property  and  the  necessity  for 
issuing  considerable  quantities  to  individual  emploj^ees  was  not  so 
great  as  to  seriously  interfere  with  the  correspondence  of  the  bureau. 
When,  however,  large  shipments  began  to  come  in,  and  when  a  store- 
room where  individual  appliances  could  be  kept  was  established,  a  clerk 
to  adequately  care  for  tne  property  of  the  bureau  and  to  protect  the 
interests  both  of  the  government  and  the  superintendent  of  labora- 
tories became  necessary,  and  Mr.  H.  S.  Peabody,  stenographer  to  the 
superintendent  of  government  laboratories,  was  promoted  to  the  new 
position.  The  development  of  the  library  then  necessitated  the 
employment  of  a  librarian,  and  this  change  actually  brought  into  the 
bureau  two  clerks  in  addition  to  the  stenographers,  and  the  growth  of 
the  serum  laboratory,  together  with  the  important  records  which 
needed  to  be  kept  in  regard  to  all  animals  purchased,  inoculated,  and 
sold  by  the  bureau,  rendered  clerical  assistance  for  the  serum  labora- 
tory imperative. 
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P>en  with  this  force  the  work  during-  the  past  six  months  has 
increased  in  such  a  measure  that  all  the  employees  engaged  in  the  care 
of  property  and  of  records  were  compelled  to  work  overtime.  A 
laboratory  uses  daily  many  hundreds  of  small  items,  such  as  test  tubes, 
pipettes,  burettes,  surgical  instruments,  needles,  knives,  etc.  It 
requires  feed  and  other  supplies  for  the  care  of  the  cattle  and  inciden- 
tals such  as  lime  and  carbolic  acid  for  disinfecting  the  stables;  it  must 
account  for  all  animals  purchased;  must  handle  numbers  of  small  ani- 
mals, such  as  guinea-pigs  and  rabbits,  so  that  in  a  thousand  and  one 
ways,  the  proper  preservation  of  the  property  of  the  bureau  becomes 
a  great  task.  In  order  to  have  supplies  available  in  sufficient  quantity 
so  as  to  enable  laboratory  work  to  be  carried  on,  purchases  must  be 
continually  made  and  a  careful  account  kept  of  the  condition  and 
quantity  of  all  chemicals  and  apparatus  on  hand.  When  certain  things 
are  called  for  in  a  laboratory  they  are  frequently  needed  at  once,  and 
in  amounts  sufficiient  for  the  purpose  for  which  they  are  to  be  used. 
Dela3^s  may  often  cause  not  only  serious  inconvenience,  but  great  loss, 
so  that  a  constant  and  proper  knowledge  of  what  is  available  is  neces- 
sary. The  details  of  requisitions,  although  thc}^  may  not  amount  to  a 
great  sum  in  actual  money  value,  nevertheless,  consume  much  time. 
Since  the  1st  of  January  the  scale  of  charges  has  gone  into  effect,  and  the 
property  clerk  of  the  bureau,  who  was  the  only  person  available,  was 
made  cashier.  The  checking  of  all  blanks  to  prove  the  scale  of  charges 
to  be  correctly  applied,  the  handling  of  the  returns,  and  the  keeping  of 
books  thus  added  materially  to  the  clerical  work.  A  well  constituted  and 
efficient  clerical  force  will  in  the  long  run  save  much  more  money  than 
it  costs,  not  only  in  preventing  abuses  incident  to  a  careless  handling 
of  property,  but  also  in  keeping  supplies  of  the  proper  quality  and  in 
sufficient  quantity  on  hand  without  allowing  extravagance,  and  in  ad- 
ministering the  somewhat  complex  scale  of  charges.  For  this  reason 
it  has  been  proposed  by  the  superintendent  of  government  laboratories 
to  maintain  a  bonded  clerk  and  cashier,  who  shall  have  general  super- 
vision over  the  property  and  who  shall  have  direction  of  all  clerical 
work  in  the  bureau,  which  later  will  be  placed  in  a  separate  laboratory 
division  termed  the  "  clerical  division."  An  additional  duty  devolving 
upon  this  cashier  and  upon  his  employees  will  be  the  proper  maintain- 
ing of  time  and  pay  rolls,  as  well  as  the  control  of  the  janitors  and 
laborers  employed  in  the  laboratory  buildings,  together  with  the  super- 
vision of  the  immediate  care  of  the  apparatus  in  stock.  Delicate  pieces 
of  scientific  machinery  rapidly  deteriorate  in  this  country  if  constant 
vigilance  is  not  exercised.  It  is  believed  that  all  necessary  work  can 
be  accomplished  by  the  employment  of  one  bonded  officer  in  charge  of 
the  clerical  division,  a  property  clerk,  a  record  clerk  for  assistance  in 
keeping  scientific  records,  an  employee  for  general  clerical  assistance, 
the  clerk  of  the  serum  laboratory,  and  the  necessary  stenographers  for 
the  several  directors.  This  clerical  force  will  be  constantly  busy  on 
full  time,  and  would  be  sufficient  to  allow  legal  leave  of  absence  to  its 
employees,  a  condition  which  is  now  impossible. 

A   BILL   FOR   REORGANIZING   THE    LABORATORY   AND   FOR  PROVIDING  AN 
ADEQUATE    FORCE    FOR  THE   SAME. 

The  history  of  the  bureau  has  been  such  that  advances  have  been 
made  along  the  lines  which  experience  has  demonstrated  to  be  most 
necessary.     Employees  have  been  engaged  from  time  to  time,  some 
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from  the  United  States  and  others  from  the  Philippine  Islands,  as  the 
needs  increased,  at  such  salaries  as  might  secure  a  reasonably  stable 
personnel.  A  graded  sjsteiii  of  remuneration  could  not  be  inaugu- 
rated  because  it  was  almost  impossible  to  predict  what  the  demands  of 
the  laborator}^  would  be,  hence  all  consideration  of  this  desirable  system 
was  postponed  until  the  superintendent  could  be  certain  of  his  ground 
and  sure  of  the  knowledge  that  all  positions  which  would  be  requested 
could  be  properly  tilled.  A  draft  of  a  bill  reorganizing  the  bureau 
has  been  submitted  to  the  Commission  for  tinal  action,  and  in  this  the 
plan  for  graded  salaries  has  been  rigidly  followed.  If  it  is  adopted 
employees  can  enter  the  laboratories  at  the  lowest  point,  for  which  it 
is  hoped  a  remuneration  of  $1,4:00  per  annum  will  be  authorized. 
Opportunity  for  advance  to  the  highest  salaries  in  the  bureau  by  pro- 
niotion  through  regular  steps,  all  of  which  are  connected,  will  then  be 
given. 

Evidently  such  a  system  can  not  be  put  into  effect  at  once.  Con- 
siderations of  j  ustice  to  the  present  employees  must  be  taken  into  account, 
so  that  the  bringing  in  of  such  a  scale  of  salaries  must  be  gradual  until 
the  authorized  positions  are  all  filled.  This  tinal  condition  should  be 
reached  within  a  year  and  a  half  from  the  present  writing.  The  bill 
was  so  drawn  as  to  give  the  ultimate  positions  and  salaries,  but  these 
would  not  go  into  efl:ect  until  by  resolution  of  the  Commission  the 
positions  should  be  duh^  authorized. 

Experience  has  shown  that  in  some  respects  act  156,  organizing  the 
laboratories,  and  act  007,  amendatory  thereof,  do  not  cover  the  ground 
necessary  for  the  permanent  institution,  although  both  acts  have 
admirably  met  the  conditions  up  to  the  present  time.  The  duties  of 
the  superintendent  have  greatly  increased  in  scope  and  complexit3^ 
The  buildings  and  property  under  his  charge  have  been  added  to,  bul- 
letins have  been  published,  for  which  a  uniform  system  of  editing  is 
necessary,  and  when  the  new  building  is  occupied  its  care  and  the  use 
of  all  materials  for  general  scientitic  work,  as  well  as  of  employees 
who  can  not  be  assigned  to  any  one  laboratory,  must  fall  entirely  under 
the  superintendent.  For  this  reason  the  power  of  the  superintendent 
has  been  somewhat  increased  in  the  proposed  draft  of  the  bill.  In  it 
provision  is  also  made  for  the  publishing  of  bulletins  and  for  a  plan  by 
which  the  bureau  can  offer  its  facilities  to  visiting  scientists  or  to  such 
as  wish  to  carry  on  research  work  in  its  buildings  and  subject  to  its 
rules. 

The  time  has  almost  come  when  the  superintendent  will  be  able  to 
accommodate  prominent  scientitic  guests  who  wish  to  come  to  the 
Philippines  for  the  purpose  of  research  work,  and  it  is  earnestly  hoped 
that  the  Commission  will  make  provisions  for  such  visitors,  giving 
them  the  privileges  of  the  laboratory,  and,  in  certain  selected  cases  of 
men  who  come  here  by  invitation,  paying  their  expenses  from  their 
point  of  departure  to  Manila  and  return.  It  is  believed  by  the  super- 
intendent that,  provided  guests  come  to  the  laboratories  under  these 
conditions,  the  results  of  their  investigations  should  be  available  for 
publication  in  the  laboratory  bulletins.  The  advantages  to  the  islands 
of  the  presence,  for  limited  periods,  of  masters  of  scientific  investi- 
gation engaged  in  various  lines  of  work,  will  be  far  in  excess  of  any 
expense  which  such  investigations  will  involve,  and  in  order  to  prove 
this  standpoint  it  is  only  necessary  to  call  attention  to  the  great  bene- 
fits which  have  accrued  to  the  world  at  large  by  the  scientific  tours 
authorized  by  various  governments  in  the  past. 
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THE    COOPERA'HON    OF   THE   BUREAU  WITH    SCIENTIFIC   SURVEYS   IN    THE 

UNITED   STATES. 

Suggestions  have  loeen  made  in  the  past  for  the  establishment  of 
ade([uate  scientific  surve,ys  of  the  Philippine  Islands  to  be  conducted 
by  bureaus  in  Washington.  It  need  scarcely  be  pointed  out  that  the 
bureau  of  government  laboratories,  with  its  efficient  library  and  its 
facilities  for  accurate  scientific  work,  will  be  a  great  aid  in  cooperat- 
ing in  any  plans  which  may  be  perfected  in  this  respect.  Botanical 
and  geological  surve3^s  can  have  their  matter  classified  or  their  mineral 
analyses  made  on  the  spot;  a  guide  would  be  given  in  this  wa^^  for  the 
next  steps  which  expeditions  of  this  character  would  make,  and  the 
knowledge  of  certain  regions  of  the  islands  would  be  markedly 
increased  by  cooperation.  The  scientific  staff  of  the  laboratories  will 
always  have  in  its  midst  men  of  experience  in  tropical  conditions  as 
well  as  in  the  geography  of  the  islands  and  in  the  distril)ution  of  its 
various  natural  resources.  By  their  advice  and  cooperation,  workers 
coming  from  America,  whose  knowledge  of  such  conditions  must 
necessarily  be  limited,  will  be  materially  assisted.  The  superintendent 
of  government  laboratories  believes  that  any  plans  formed  at  Wash- 
ington looking  toward  the  scientific  survej^s  of  the  islands,  should 
take  into  consideration  the  facilities  for  work  already  on  hand  and 
should  be  mutually  elaborated  by  the  home  forces  as  well  as  by  those 
engaged  in  scientific  work  in  the  Philippine  Islands.  A  separation  of 
the  two  would  only  result  in  a  disadvantage  to  both,  and  a  candid  and 
frank  recognition  of  the  merits  of  the  work  both  in  Washington  and 
in  the  Philippine  Islands  will  be  the  only  method  by  which  the  best 
results  can  be  obtained.  If  a  system  of  exchange  between  employees 
in  the  bureau  of  government  laboratories  and  those  in  similar  lines  of 
work  in  Washington  could  be  arranged,  it  would  tend  to  bring  the 
institutions  into  closer  contact  and  would  be  of  material  advantage  to 
all  concerned. 

THE   WORK   OF   THE   GOVERNMENT   PHOTOGRAPHER. 

During  the  year  the  government  photographer  has  been  kept  steadily 
at  work,  chiefly  in  taking  negatives  of  interest  from  an  ethnological 
standpoint.  He  has  accompanied  members  of  the  bureau  of  non- 
Christian  tribes  on  expeditions  to  Benguet,  Bontoc,  and  Mindoro,  has 
taken  over  500  negatives  and  made  more  than  2,000  prints  therefrom, 
and  has  thus  obtained  a  permanent  record  of  the  conditions  prevaduig 
among  non-Christian  tribes  in  the  islands,  as  well  as  of  their  manners 
and  customs.  This  series  of  negatives  must  be  of  greatest  assistance 
in  a  scientific  study  of  the  peoples  of  the  Philippines.  Some  at  the 
tribes,  by  reason  of  changed  conditions,  will  necessarily  gradually 
abandon  old  customs,  conditions  may  change  by  reason  of  intermar- 
riage, migration,  or  changed  environments,  and  the  permanent  record 
obtained  by  these  photographs  will  then  serve  as  a  gauge  to  the  degree 
of  variation.  j        •     i 

Other  bureaus,  such  as  those  of  forestry,  architecture,  and  agricul- 
ture, have  made  use  of  the  government  photographer,  and  m  one 
instance  photomicrographs  of  textile  fabrics  have  materially  assisted 
the  custom-house. 
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The  pressure  of  work  has  become  so  great  that  an  assistant  photog- 
rapher has  been  engaged,  and  by  this  means  many  demands  which 
have  been  delayed  owing  to  lack  of  time  have  been  met.  The  making 
of  photomicrographs  must  be  done  in  the  nighttime,  and  the  result 
has  been  that  in  order  to  meet  requests  in  this  direction  the  photogra- 
pher has  steadil}^  been  compelled  to  work  overtime.  It  is  hoped  that 
this  condition  can  in  the  future  be  remedied  by  the  increased  assist- 
ance which  has  been  accorded,  but  it  would  also  be  reasonable,  pro- 
vided the  demand  for  photographs  increases  in  the  future  as  rapidly 
as  it  has  in  the  past,  that  the  photographer  be  allowed  pay  for  over- 
time work. 

DWELLING   HOUSES    FOR   GOVERNMENT   EMPLOYEES. 

The  surroundings  of  the  employees  of  this  bureau  have  never  been 
satisfactory.  Rooms  or  houses  within  reasonable  distance  of  the 
laboratory  have  been  difficult  to  find,  and  such  as  are  available  are  not 
infrequently  very  undesirable  from  a  hygienic  standpoint.  Illness  of 
employees  has  crippled  the  laboratory  force  from  time  to  time.  When 
the  bureau  is  moved  to  the  Exposition  Grounds  it  will  probably  be  even 
more  difficult  to  obtain  suitable  quarters  at  a  reasonable  rental.  It  is 
believed  that  the  benefits  which  would  accrue  to  the  service,  not  only 
in  the  bureau  of  government  >il)oratories  but  in  others  as  well,  by  the 
building  of  adequate  and  satisfactory  government  houses  for  govern- 
ment employees  would  be  very  great.  The  possibility  of  obtaining 
good  dwelling  places  at  a  reasonable  rental  would  improve  the  service 
because  of  the  greater  contentment  of  the  employees,  their  more  eflScient 
work  owing  to  the  fact  that  they  would  need  to  travel  shorter  dis- 
tances to  their  places  of  business,  and  the  diminished  danger  of  illness. 
Arrangements  by  which  employees  who  intend  to  remain  permanently 
in  the  service  could  purchase  their  houses  on  long  terms  would  proba- 
bly be  extremely  advisable. 

THE   RELATION   OF   THE   LABORATORY   TO   THE   GENERAL   HOSPITAL. 

Modern  medical  science  has  advanced  to  the  point  where  intelligent 
hospital  practice  is  impossible  without  the  complete  cooperation  of  a 
well-equipj)ed  laboratory;  and,  conversely,  productive  research  is  not 
possible  to  a  biological  laboratory  without  the  intelligent  cooperation 
of  a  hospital.  For  this  reason  the  superintendent  of  government 
laboratories  has  repeatedly  urged  that  a  general  hospital,  when  estab- 
lished, should  be  placed  in  close  proximity  to  the  laboratory  buildings, 
and  it  is  gratifying  to  perceive  that  this  view  has  finally  come  to  be 
the  one  adopted  by  the  general  hospital  committee.  The  ground  on 
which  the  laboratories  are  situated  belongs  to  the  government.  It 
is  ample  for  the  purposes  of  the  laboratory  building,  the  wings  for  the 
various  other  scientific  bureaus,  a  general  hospital,  a  medical  school,  a 
home  for  nurses,  and  probably  other  structures  as  well.  The  situation 
is  a  good  one,  and  the  ultimate  relationship  brought  about  by  such  a 
group  of  buildings  will  be  ideal. 

Progress  in  the  laboratory  m  the  past  has  been  satisfactory,  but 
many  important  problems  are  yet  unsettled;  the  proper  solutions  of 
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them  depend  upon  careful  and  well  conducted  research.     In  the  future, 
as  well  as  in  the  past,  the  liberal  support  of  such  work  will  be  a  matter 
of  financial  economy  to  the  insular  government. 
1  am,  very  respectfully, 

Paul  C.  Freer, 
Siip(Tmte7ident  of  Government  Laboratories. 

The  Secretary  of  the  Interior, 

Manila^  P.  I. 


Exhibit  A. 

REPOBT  OF  THE  DIEECTOR  OF  THE  SERUM  LABORATORY,  DR.  JAMES  W.  JOBLING 
COVERING  THE  PERIOD  FROM  JANUARY  1,  1903,  TO  AUGUST  31,  1903. 

During  the  first  part  of  the  fiscal  year,  and  while  this  laboratory  was  under  the  con- 
trol of  the  board  of  liealth,  niy  h(^alth  had  suffered  from  the  effects  of  overwork  and 
the  debilitating  climate,  and  J  was  given  two  months'  leave  of  absence  with  permis- 
sion to  visit  Japan.  This  time  was  s})ent  studying  the  methods  of  preparation  of 
serums  and  i)rophylacti(?s  used  by  Professor  Kitasato  in  the  Government  laborato- 
ries, Tokyo,  Japan. 

I  (;an  not  speak  too  highly  of  the  kindness  shown  me  by  Professor  Kitasato  and  his 
assistants  during  my  stay  with  them,  every  facility  and  assistance  being  put  at  my 
disposal.  During  the  inost  of  this  period  l\\as  making  a  study  of  the  production  of 
antiplague  serum,  it  being  one  of  the  most  important  diseases  with  w'hich  we  were 
then  contending  in  Manila. 

Rinderj)est  having  suddenly  become  epidemic  in  the  city  of  Manila,  Doctors  Strong 
and  Musgrave  began  ttie  i)reparation  or  antirintlerpest  serum,  and  at  the  time  of  the 
return  of  the  director  a  considerable  qnantity  of  this  material  was  on  hand. 

Rinderpest  having  l)een  reported  on  the  island  of  Tablas,  Veterinary  Surgeon  John 
G.  Slee  and  Assistant  Director  Charles  S.  Sl\',  with  ^  liters  of  serum,  were  sent  to  the 
island  to  inoculate  all  the  cattle  and  carabaos  in  the  surrounding  barrios  by  the 
"sinuiltaneous  method"  and  to  treat  those  animals  already  sick  with  large  doses  of 
serum.  A  detailed  report  of  the  work  done  by  them  will  be  given  under  the  head- 
ing of  "Rinderpest  inoculations." 

Toward  the  latter  part  of  October,  1902,  all  rinderpest  w^ork  was  stopped  by  the 
development  of  foot-and-mouth  disease  among  the  serum  animals,  wdiich  of  course 
prevented  their  further  use  until  they  had  completely  recovered. 

One  experience  convinced  us  of  the  imprac;tical)ility  of  doing  much  work  as  long 
as  foot-and-mouth  disease  was  present  in  the  laboratory.  The  serum  animals  having 
recovered,  five  nonimmune  animals  were  purchased  to  obtain  virulent  blood  for 
further  inoculations.  They  w'ere  plac^ed  on  a  jK)rtion  of  the  laboratory  grounds  whic^h 
it  was  thought  had  not  been  previously  infected  either  wdth  foot-and-mouth  disease 
or  rinderpest,  but  we  were  very  quickly  undeceived.  On  the  second  day  all  developed 
foot-and-mouth  disease,  and  on  the  fifth  rinderpest.  The  combination  proved  fatal,  as 
all  the  animals  died  in  a  few^  days — in  fact  sooner  than  we  have  ever  seen  animals  die 
which  had  contracted  rinderpest  alone. 

Because  of  this  experience  a  quarantine  stable  was  erected  in  which  all  animals 
could  be  placed  under  observation  for  a  sufficient  number  of  days  to  prove  the  absence 
of  foot-and-mouth  disease  or  to  effect  its  cure,  so  that  all  danger  of  a  sul)sequent 
development  would  be  reduced  to  a  minimum.  The  grass  wdthin  a  radius  of  lo  feet 
of  tliis  stable  was  removed,  enabling  us  to  thoroughly  disinfet;t  the  ground  in  its 
vicinity.  The  excreta  were  disinfected  with  crude  carbolic  acid  and  lime,  and  tlie 
entire  building  whitewashed  with  a  solution  composed  of  lime  and  carbolic  acid. 
This  was  repeated  ewi^ry  time  an  animal  was  removed  from  the  stable.  Finding  it  to 
be  impossible  to  have  the  native  attendants  take  the  proper  precautions  so  as  to  pre- 
vent the  transfer  of  the  infection  to  the  remainder  of  the  grounds,  mats  kept  w^et  wdth 
carbolic  acid  solution  were  placed  at  each  gate.  These  were  sufficiently  large  so  as 
to  make  it  almost  impossible  to  pass  through  the  gate  without  disinfecting  the  feet 
or  shoes,  but  in  addition  everyone  passing  from  one  lot  to  another  was  directed  to 
thoroughlv  cleanse  his  feet  upon  these  mats. 

In  the  beginning  the  virulent  blood  of  those  animals  having  both  rinderpest  and 
foot-and-mouth  disease  was  not  used  for  inoculating  the  serum  animals,  but  after 
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experimenting  on  several  and  finding  no  bad  effects  to  be  produced  we  ceaned  paying 
any  attention  to  the  combination  when  it  occurred  in  an  animal  having  rinderpest. 
Not  many  animals  with  the  combination  of  infections  were  used,  8o  it  is  impossible 
to  state  whether  tlie  absence  of  bad  results  following  these  inoculations  was  due  to 
an  immunity  following  a  previous  attack.  It  was  known  that  a  nund)er  of  the  old 
serum  animals  had  recovered  from  the  disease  and  were  thus  at  least  partially 
immune,  but  there  were  on  hand  several  bullocks  which  w^ere  not  at  the  laboratory 
during  our  epidemic,  and  their  hoofs  did  not  show  the  corrugations  usually  found  on 
the  i^covered  animals. 

On  January  1,  1903,  this  laboratory  was  transferred  from  the  board  of  health  to 
the  bureau  of  government  laboratories.  At  this  time  the  laboratory  equipment  was 
very  incomplete,  a  large  list  of  apparatus  having  been  ordered  but  not  received  until 
later. 

The  work  has  been  greatly  retarded  by  lack  of  assistance  and  became  still  more  so 
w^hen  Asst.  Director  Charles  S.  Sly  was  ordered  to  Shanghai  on  April  20  to  super- 
vise the  prophylactic  inoculation  against  rinderpest  of  carabaos  which  the  government 
is  purchasing  at  that  point.  In  a  great  m.any  instances  the  force  was  found  to  be 
greatly  insutficient,  a  large  amount  of  W'Ork  which  should  have  been  done  being  left 
untouched.  This  applies  more  especially  to  the  preparation  of  other  serums,  some 
of  w  hich  we  were  compelled  to  order  from  Japan. 

Again,  the  fact  that  our  present  location  is  but  temporary,  so  as  to  make  any  very 
expensive  improvements  inexpedient  except  on  permanent  grounds,  was  an  impedi- 
ment, as  it  prevented  us  from  making  certain  improvements  which  w^ould  greatly 
have  facilitated  the  work. 

RINDERPEST  SERUM. 

As  stated  previously,  this  w^ork  was  started  in  September,  1902,  while  the  director 
was  in  Japan,  by  Doctors  Strong  and  Musgrave.  A  description  of  the  preparation  of 
this  serum  is  given  in  the  accompanying  circular,  entitled  '*A  preliminary  rei>ort  on 
the  study  of  rinderpest  of  cattle  and  carabao  in  the  Philippine  Islands,"  as  follows: 

This  preliminary  rej^ort  is  especially  intended  as  a  circular  of  information  to  the 
cattle  shippers  and  breeders  of  the  Philippine  Islands,  giving  them  the  symptoms, 
means  of  prevention,  and  treatment  of  rinderpest,  and,  as  a  consequence,  scientific 
discussion  and  technical  terms  have  been  avoided  wherever  possible.  The  civil  gov- 
ernment intends  to  immunize  all  the  cattle  and  carabao  now  on  these  islands,  as  well 
as  those  to  be  imported.  To  accomplish  the  best  results,  it  is  necessary  for  cattle 
shippers  and  breeders  to  become  thoroughly  acquainted  with  the  disease  in  order  to 
successfully  cooperate  in  the  work. 

In  the  following,  articles  w^ritten  by  numerous  authors  have  been  consulted  and 
free  extracts  made. 

Definition. — According  to  Gamgee,  *' Rinderpest  is  a  specific,  malignant,  and  highly 
contagious  disease,  known  to  us  only  as  the  result  of  direct  or  indirect  commtmica- 
tion  from  sick  to  healthy  animals.  It  never  originates  spontaneously,  but  is  perpetu- 
ated by  constant  reproduction,  after  the  manner  of  other  contagious  diseases.  It  is 
essentially  a  bovine  disease,  although  it  is  claimed  it  may  be  communicated  to  swine, 
goats,  sheep,  deer,  antelopes,  gazelles,  and  zebras,  seldom  attacking  any  animal  more 
than  once."  My  own  definition  would  be  that  it  is  a  specific,  infectious  disease, 
characterized  by  congestion  and  inflammation  of  the  mucous  membranes,  more  par- 
ticularly of  the  digestive  tract. 

It  is  marked  by  a  period  of  incubation  of  from  three  to  ten  days;  by  fever,  which 
precedes  all  other  symptoms;  redness  of  all  the  visible  mucous  mem})ranes,  seen 
early  and  in  a  marked  manner  in  the  vagina  of  cows;  sometimes  delirium  and  mus- 
cular twitching;  discharges  from  the  eyes  and  nose;  normal  secretions  checked  or 
suppressed;  abdominal  pain  with  diarrhea,  although  in  certain  instances  there  may 
be  constipation.  In  some  epidemics  a  scaly  eruption  on  the  back  and  loins  and  a 
characteristic  one  on  the  inside  of  the  thighs  and  on  the  mammae,  together  with 
fetor  of  the  breath  and  discharges  are  observed.  The  majority  of  animals  seized 
with  rinderpest  die,  and,  after  death,  decomposition  rapidly  takes  place. 

The  following  brief  historical  retrospect  is  taken  from  an  extract  of  Fleming's 
w^ork  on  Animal  Plagues,  and  Gamgee' s  work  on  Cattle  Plague,  as  given  by  Eding- 
ton  in  his  annual  report  to  the  colonial  secretary.  Cape  Town,  for  the  year  1897. 

The  date  of  the  first  account  of  a  disease  among  cattle,  which  probably  was  rinder- 
pest, is  given  as  A.  D.  69.  Columella,  who  lived  at  that  time,  and  who,  according 
to  accounts,  had  considerable  influence  on  the  progress  of  veterinary  medicine,  has 
written  of  many  of  the  diseases  of  the  lower  animals.  In  the  ninth  chapter  of  the 
sixth  book,  in  describing  the  symptoms  of  the  fever,  he  says: 

''The  fever  is  present  when  the  tears  are  running  down  the  face;  when  the  head 
is  carried  low  and  lieavily,  and  the  eyes  are  closed;  when  the  saliva  flows  from  the 
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nioutli;  when  the  respiration  m  shorter  than  in  health  and  seemingly  embarrassed 
or  Kometunes  accompanied  by  groaning/'  ' 

.1  ^^u  f^Jf^her  insisted  on  the  most  sensible  procedure  of  separating  the  sick  from 
the  healthy  stock. 

Since  that  time  epidemics  of  greater  or  less  extent  have  from  time  to  time  attacked 
tlie  cattle  on  large  areas  of  the  globe. 

A  ^^^HffF^^^  !'^^  ^^^^'^  ^^'^  ^^^^^  ^^  ^eveml  million  cattle  in  Europe  alone.  In 
A.  X).  6b0y  eastern  jLurope  was  visited  by  an  epidemic  of  an  exceedingly  virulent 
character,  which  caused  an  enormous  loss,  the  cattle  apparently  dying  almost  as  soon 
as  they  became  sick;  in  A.  I),  591  Italy,  France,  and  Belgium  developed  a  scourge 
which  left  scarcely  sufhcient  cattle  to  breed  from;  in  the  year  694  England  suffered 
irom  an  epidemic  which  caused  untold  suffering,  and  during  the  year  801  France 
was  again  severely  afflicted. 

From  this  period  up  to  the  beginning  of  the  eighteenth  century,  when  our  knowl- 
edge of  epizootic  diseases  becomes  more  exact,  numerous  epidemics  of  a  virulent  dis- 
ease appeared  among  cattle  m  all  parts  of  Europe,  causing  immense  loss  and  great 
suffering.  ^^ 

In  1708  Kanold  asserts  that  rinderpest  had  commenced  its  destruction  in  Russia 
from  which  country  it  spread  to  all  parts  of  Europe.  Of  all  the  descriptions  of  this 
epidemic  relating  to  the  nature  and  spread  of  the  cattle  plague,  probably  the  best 
are  those  of  Lancisi  and  Ramazzinni,  two  i)hysicians  who  gave  special  attention  to 
the  disease.  Their  description  of  the  symptoms  corresponds  with  those  encountered 
in  the  Philippine  Islands  with  this  exception:  I  have  never  seen,  either  at  this  lab- 
oratory, where  the  animals  have  contracted  the  disease  by  means  of  natural  infecv 
tion  and  by  inoculation,  or  in  the  provinces,  where  the  disease  is  contracted  by  natural 
infe(;tion  alone,  cases  covered  witli  pustules  and  small  tumors.  From  the  frequency 
of  the  pustules  in  the  cases  observed  by  Lancisi  and  Ramazzinni,  they  concluded  that 
the  disease  was  similar  to  and  identical  with  smallpox  in  man. 

In  Holland,  during  the  year  1713,  200,000  animals  are  supposed  to  have  succumbed 
to  the  disease,  and  between  1711  and  1714  over  1,500,000  died  in  western  Europe;  in 
the  interval  between  1840  and  1843  Egypt  lost  over  665,000;  in  1865,  500,000  were 
destroyed  in  England,  and  from  1884  to  1894  Russia  lost  over  1,815,000. 

The  disease  is  now  present  in  India,  China,  Africa,  the  western  part  of  Russia,  and 
is  said  to  be  endemic  in  the  Balkans. 

In  the  Philippine  Islands  rinderpest  apparently  first  appeared  in  1882,  when  the 
Spanish  Government  issued  a  pamphlet  instructing  the  people  in  methods  of  diagnosis 
and  treatment,  and  from  this  period  until  the  present  time  it  has  extended  to  inost 
of  the  islands  of  the  archipelago,  causing  a  loss  of  many  of  tlie  cattle  and  carabao, 
estimated  by  some  to  be  as  high  as  90  per  cent. 

METHODS   OF   TRANSMISSION. 

The  cause  of  rinderpest  is  not  known,  but  from  its  being  so  very  infectious,  and 
from  the  fact  that  it  is  so  easily  conveyed  by  the  l)lood,  it  is  proba1)ly  produced  by 
some  microorganism  the  nature  of  w^hich  we  have  been  unable  to  determine.  The 
infection  is  carried  but  a  very  limited  distance  in  the  atmosphere  or  by  running 
water.  The  usual  method  of  transmission  is  by  means  of  infected  ground,  but  it  can 
also  be  conveyed  by  any  of  the  excretions,  such  as  the  discharges  from  the  no^e  and 
mouth,  the  stools,  and,  according  to  some  authors,  by  the  bile;  by  buckets  and  other 
objects  which  have  been  in  contact  with  the  sick  animal;  by  means  of  the  indiscrimi- 
nate disposal  of  the  offal  or  by  allowing  tlie  excreta  to  pass  by  Avay  of  an  open  drain 
into  or  through  a  pasture  containing  healthy  cattle;  by  means  of  men  attending  sick 
animals  and  carelessly  carrying  the  infection  upon  their  shoes  to  a  place  where  healthy 
cattle  are  kept;  by  dogs  or  wdld  hogs,  which,  if  allowed  access  to  tlie  carcass  of  an 
animal  dead  wdth  rinderpest,  may  tear  it  to  pieces  and  scatter  the  bones  and  frag- 
ments of  flesh  to  new  areas  of  ground,  which  thus  become  infected.  It  can  also  be 
conveyed  by  means  of  the  hides  removed  from  animals  dying  of  rinderpest.  One 
source  of  great  loss  to  cattle  shippers  is  in  transporting  cattle  on  ships  which,  without 
proper  disinfection,  have  previously  been  transporting  diseased  animals. « 

«  This  latter  danger  has  been  shown  conclusively  during  the  work  in  this  labora- 
tory, where  we  are  compelled  to  obtain  our  calves  for  vaccine  virus  and  cows  for  the 
preparation  of  serum  from  China.  AVith  but  very  few  exceptions  every  shipment  of 
calves  or  cows  we  have  received  has  either  shown  some  of  the  first  syniptoms  of  the 
disease  (high  temperature)  on  admission  or  has  develoi)ed  t\m  same  within  twenty- 
four  hours. 

One  instance  of  this  occurred  very  recently.  Fifty  calves  w^ere  five  days  in  transit 
from  Hongkong  to  this  port,  and  within  seventy-two  hours  after  admittance  to  this 
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In  experiinental  work  it  lias  been  proven  that  0.1  c.  c.  of  blood  taken  from  a  sick 
animal  and  injected  nnder  the  skin  of  a  healthy  one  is  sufficient  to  reproduce  the 
disease. 

Edington  states  that  if  a  small  amount  of  the  discharge  from  the  nose  of  a  sick 
animal  be  rubbed  on  the  muzzle  of  a  healthy  one  the  latter  will  contract  the  disease 
almost  as  quickly  as  if  it  had  been  inoculated  with  virulent  blood,  but  if  this  discharge 
be  kept  twenty-four  hours  before  applying  to  the  healthy  animal  tlie  disease  is 
greatly  modified  in  type.  He  further  mentions  that  in  localities  in  which  redwater 
or  Texas  fever  was  present,  and  where  ne  was  afraid  to  inoculate  with  virulent  blood 
for  fear  of  conveying  the  Texas  fever  parasite,  he  diluted  the  blood  with  a  large 
quantity  of  water  and  drenched  the  animal  with  it.  In  these  cases  they  contracted 
the  disease  about  as  quickly  as  when  inoculated.  In  a  series  of  experiments,  made 
in  order  to  find  out  the  maximum  lengtli  of  time  rinderpest  would  live  in  tlie  dried 
state,  he  added  sufficient  blood  to  dry  sawdust  to  give  it  a  bright-red  color  and  allowed 
the  mixture  to  stand  at  room  temperature  for  six  days.  He  found  that  2  grams  of 
this  mixture  would  produce  the  virulent  disease. 

Hutcheon  states  that  complete  desiccation  destroys  tlie  infection,  and  that  putre- 
faction apparently  has  the  same  effect. 

From  the  above  it  will  be  very  readily  seen  wliat  a  great  mistake  it  is  to  allow  an 
animal  sick  with  rinderpest  to  remain  at  large,  with  the  subsequent  danger  of  infect- 
ing all  the  remaining  stock  in  the  vicinity.  If  a  few  precautions  were  taken  the 
danger  would  be  reduced  to  a  minimum. 

GENEKAL  PATHOLOGICAL  ANATOMY. 

The  body  is  emaciated.  There  is  often  an  excoriation  of  the  skin  below  the  inner 
canthus  of  the  eye,  produced  by  the  irritating  discharge  during  life.  The  tail  and 
buttocks  are  often  soiled  by  the  fecal  discharges. 

So  far  I  have  been  unable  to  determine  any  specific  cutaneous  Ifesions,  especially 
none  of  those  reported  by  the  older  writers. 

In  one  case  (carabao) ,  in  which  the  animal  was  sick  about  twenty  days,  a  pustular 
eruption  appeared  about  the  fifteenth  day.  This  eruption  was  discrete,  but  the  pus- 
tules were  very  close  together  and  scattered  over  the  entire  surface  of  the  body, 
apparently  showing  no  predilection  for  any  one  i)art. 

The  natives  in  the  provinces  claim  that  many  of  the  convalescent  animals  show  a 
scaly  appearance  of  the  skin,  but  we  have  never  noticed  this  condition  in  a  sufficient 
number  of  cases  to  be  able  to  say  that  it  generally  accompanies  the  disease. 

The  skin  covering  the  upper  lip  is  often  thickened  and  excoriated  by  the  discharge 
from  the  nose. 

The  conjunctivae  are  nearly  always  congested,  more  especially  in  carabaos,  in  which 
animals  they  are  generally  a  bright-red  color.  I  have  seen  a  number  of  cows  sick 
with  rinderpest,  where  the  conjunctive  showed  practically  no  changes.  These  cases 
generally  occurred  in  animals  which  had  been  inoculated  with  the  disease. 

The  mucous  membrane  of  the  nose  generally,  and  over  tlie  septum  in  particular, 
is  deeply  congested.  It  often  appears  of  a  purple  color.  In  a  few  cases  I  have  noticed 
superficial  ulcerations  on  the  anterior  portion  of  the  septum,  but  I  am  inclined  to 
think  that  they  were  due  to  some  other  cause. 

Most  writers  upon  rinderpest  lay  stress  upon  the  frequen(;y  with  which  ulcers  are 
to  be  found  in  the  mouth.  This  is  contrary  to  our  experience  at  this  laboratory,  for 
while  the  great  majority  show  a  marked  congestion  of  the  mucous  membrane,  with 
a  covering  of  thick,  slimy  mucus,  comparatively  few  show  ulcerations. 

Ulcers  sometimes  appear  on  the  dorsum  of  the  tongue,  accompanied  with  marked 
congestion. 

The  fauces  and  pharynx  are  the  seat  of  a  catarrhal  inflammation  and  covered  with 
thickened  mucus. 

Edington  states  that  in  many  of  his  cases  the  tonsils  showed  pin-head  abscesses  in 
the  cortical  layer. 

The  mucous  membrane  of  the  oesophagus  and  trachea,  as  well  as  in  other  parts  of 
the  body,  may  be  deeply  congested,  but  m  the  majority  of  cases  appears  normal. 

laboratory  for  immunization  20  were  dead.  In  this  case  2  died  within  twenty-four 
hours  after  admission,  while,  with  the  exception  of  4,  all  showed  a  temperature  of 
41°  C.  or  over. 

As  the  incubation  period  of  rinderpest  is  from  three  to  ten  days  it  can  be  seen  that 
the  infection  must  have  taken  place  either  aboard  the  ship  or  in  Hongkong  just  pre- 
vious to  shipping,  as  after  arriving  at  the  laboratory  the  majority  died  before  they 
had  passed  the  regular  incubation  period,  whereas  if  the  infection  had  taken  place 
here  the  animals  would  hardly  have  shown  serious  symptoms  before  eight  or  ten  days. 
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The  lungs  generally  appear  perfectly  healthy.  In  some  cases  there  is  a  congestion, 
but  I  believe  this  to  be  principally  hypostatic,  due  to  weakened  heart  action.  A 
number  of  cases  showed  an  emphysematous  «  condition. 

The  pericardium  contains  about  the  usual  amount  of  fluid  and  appears  normal.  The 
parietal  lining  sometimes  shows  a  few  subserous  hemorrhages. 

It  is  not  uncommon  to  find  petechise  (minute  dark-red  points)  scattered  over  the 
surface  of  the  heart. 

The  muscular  tissue  is  generally  paler  than  normal,  and  shows  a  condition  of 
of  marked  cloudy  swelling.  In  tlie  cavities  of  the  heart  the  blood  seldom  coagulates 
firmly,  either  forming  a  soft  coagulum  or  having  a  sirupy  consistence.  The  endo- 
cardium or  lining  membrane  often  shows  ndnute  hemorrhages. 

The  general  lymphatic  system  seems  to  l)e  affected  in  this  disease,  as  in  the  major- 
ity of  cases  almost  all  of  the  lymphatit;  glands  of  the  body  appear  enlarged,  and  in 
some  cases  present  an  edematous  appearance.  This  condition  is  best  seen  in  the 
abdominal  cavitjr,  where  the  glands  in  the  mesentery  supporting  the  small  intestine 
are  almost  invariably  greatly  enlarged,  and  in  some  cases  hemorrhagic. 

The  rumen  (first  stomach),  the  reticulum  (second  stomach),  and  omasum  (third 
stomach)  are  generally  normal  in  appearance,  although  the  contents  of  the  last  are 
always  very  dry  and  the  mucous  membrane  sometimes  slightly  congested. 

The  abomasum  (fourth  stomach)  is  usually  tlie  organ  in  which  the  most  marked 
pathological  changes  are  found.  The  contents  are  generally  fluid,  and  consist  of  a 
large  amount  of  mucus  and  often  of  considerably  blood  mixed  with  the  food.  The 
odor  is  very  foul. 

The  changes  in  the  mucous  membrane  vary  from  a  slight  congestion,  generally 
localized  at  the  pyloric  or  lower  end,  to  an  extreme  one  with  ulcerations,  involv- 
ing the  mucous  membrane  of  the  entire  organ. 

Very  often  minute  hemorrhages  about  the  size  of  a  pin  head  will  be  found  over 
the  deeply  congested  areas.  Numerous  small  ulcers  are  often  present,  more  often  at 
the  pyloric  or  lower  end.  They  are  generally  shallow,  with  the  bottoms  covered  by 
a  greyish-yellow  exudate.  I  have  seen  cases  in  which  the  ulcer  extended  completely 
around  the  pyloric  orifice. 

The  upper  portion  of  tlie  small  intestine  is  invariably  congested,  almost  to  as  great 
an  extent  as  is  the'fourth  stomach,  and  it  often  shows  tlie  minute  hemorrhages  so 
frecpiently  observed  in  the  latter.  I  have  never  seen  more  than  two  or  three  cases 
in  which  there  were  ulcerations  in  this  location;  these  are  apparently  confined  to  the 
fourth  stomach  and  caecum. 

In  the  severest  form  of  the  disease,  the  feces  show  casts  from  12  to  35  centimeters 
in  length  and  post-mortem  examination  demonstrates  a  diptheritic  condition  of  the 
upper  portion  of  the  small  intestine  with  pseudo-membraneous  formation. 

In  many  cases  the  mucous  membrane  of  the  remainder  of  the  intestine  is  so  slightly 
affected  as  to  appear  normal,  while  in  others  there  is  the  most  extreme  congestion, 
with  the  formation  of  casts.  Peyers  patches  are  often  enlarged,  l)ut,  in  my  experi- 
ence, never  ulcerated.  I  have  never  seen  ulcers  in  this  portion  of  the  intestine.  A 
marked  congestion  is  very  often  seen  around  the  ileo-c^cal  valve,  with  small  sub- 
mucous extravasations  of  blood. 

The  Cificum  is  generally  merely  the  seat  of  a  congestion,  but  in  other  cases  it  is  vio- 
lently inflamed,  showing  ulcerations,  hemorrhages,  etc. 

The  colon  is  frequently  congested,  but  the  changes  are  not  so  far  advanced  as  those 
seen  in  the  upper  part  of  the  small  intestine  and  in  the  fourth  stomach. 

The  peritoneum  often  shows  signs  of  an  acute  localized  inflammation,  involving 
that  portion  covering  the  small  intestine,  which  is  often  coated  with  a  fibrous  exudate. 

The  peritoneal  cavity  usually  contains  a  larger  amount  of  fluid  than  is  found  in  a 
healthy  animal. 

The  liver  is  greatly  congested,  often  presenting  a  mottled  appearance,  and  shows 
evidence  of  marked  cloudy  swelling.     It  is  frequently  bile-stained. 

The  gall  bladder  is  distended  with  bile,  which  is  usually  green  in  color,  but  I  liave 
seen  all  shades,  from  a  light  yellow  to  black.  The  mucous  membrane  usually  api)ears 
healthy,  but  sometimes  is  markedly  congested,  covered  with  a  tenacious  mucus  and 
showing  the  petechia  or  pin-head  hemorrhages  described  above  as  occurring  in  the 
fourth  stomach  and  elsewhere. 

The  kidneys  are  congested,  in  some  cases  showing  numerous  petechia  scattered  over 
the  capsule  of  the  organ.  -,    •,      rT^^  i 

The  surface  of  the  spleen  appears  of  a  slate  color  and  wrinkled.  The  organ  does 
not  appear  to  be  greatly  congested  and  is  about  normal  in  size. 

The  vagina  is  always  greatly  congested. 


«  Dilated  air  cells  in  the  lungs. 
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The  mucous  membrane  of  the  bladder,  Hke  that  of  other  portions  of  the  body, 
may  be  deeply  congested,  but  is  usually  normal.  Some  cases  present  a  hemorrhagic 
appearance. 

SYMPTOMS. 

Our  observation  of  rinderpest  resulting  from  natural  infection  has  been  almost 
entirely  confined  to  the  disease  occurring  m  animals  which  have  contracted  it  previ- 
ous to  their  admission  to  this  laboratory,  but  which  have  shown  the  first  symptoms 
two  or  three  days  afterwards,  and  to  that  developed  by  individuals  which  have  been 
put  on  a  small  area  of  ground,  previously  infected  by  the  excreta  and  discharges  of 
animals  dying  of  rinderpest.  The  animals  were  tied  to  stakes  which  had  been  driven 
into  the  ground  in  the  center  of  the  infected  paddock,  and  their  food  was  placed  in 
such  a  position  as  to  mix  it  more  or  less  with  the  infected  excreta. 

The  incubation  period  in  those  animals  contracting  the  disease  from  this  exposure 
varied  within  a  range  of  from  six  to  ten  days.  In  no  case  have  I  seen  it  less  than 
six  days.  The  earliest  rise  of  temperature 'observed  is  about  fifty-one  hours  after 
inoculation  with  nasal  mucus  (Edington).  .    t.    .  •  x    i. 

In  animals  inoculated  with  virulent  blood  the  incubation  period  is  from  sixty  to 
ninety-six  hours.  The  rapidity  of  onset  and  sometimes  the  intensity  of  the  subse- 
quent disease  depending,  first,  upon  the  virulence  of  the  disease  in  the  animal  from 
which  the  blood  was  obtained;  second,  upon  the  length  of  time  the  latter  has  been 
kept,  and  third,  upon  the  quantity  used  for  the  inoculation.  The  average  time 
before  the  first  rise  of  temperature  is  about  seventy-two  hours.  In  case  the  animal 
is  inoculated  with  a  large  dose  (10  c.  c.  to  25  c.  c.)  a  rise  of  temperature  is  often 
noticed  on  the  evening  of  the  same  day,  but  the  temperature  generally  falls  to  nor- 
mal on  the  following  morning  and  remains  so  until  the  period  of  incubation  has 

Generally  on  the  evening  of  the  fourth  day  after  inoculation  a  rise  in  temperature 
to  40  to  40.6  C.  will  be  noted. «  It  does  not  remain  high  in  all  cases,  but  sometimes 
drops  to  normal  on  the  following  morning,  remaining  so  for  twenty-four  hours  and 
then  again  rising  to  over  40°  C,  remaining  high,  with  slight  morning  remissions  until 
just  before  death,  when  it  rapidly  drops  to  subnormal. 

The  temperature  curve  in  an  inoculated  animal  is  w^ell  shown  m  Chart  No.  1. 

Chart  No.  1. 
Cow  No.  45,  November  12,  1902. 

rWeiffht  400  poimds;  age,  2  years;  sex,  female;  color,  light  brown;  inoculation,  rinderpest;  history, 
'        inocnilated  November  14, 1902,  with  5  c.  c.  virulent  blood  from  calf  No.  5b.] 
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About  twenty-four  hours  after  the  first  rise  of  temperature  it  will  be  noticed  that 
the  muzzle  is  somewhat  dry,  and  the  animal  appears  less  inclined  to  take  food. 
About  the  same  time  the  mucous  membrane  of  the  inner  portion  of  the  eye  becomes 
injected  and  soon  presents  a  vivid  pink  color  with  a  slight  watery  discharge  running 

a  In  the  Philippine  Islands  a  healthy  cow^s  evening  temperature  will  average  about 
39°  C. 
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down  the  face  from  this  point.  In  many  instances  this  is  the  initial  visible  symptom 
of  the  disease.  The  mucus  discharge  from  the  nose  is  much  augmented.  The  bowels 
are  somewhat  constipated,  although  the  feces  are  often  coated  with  slimy  mucus. 
The  hair  is  rough. 

The  animal  shows  great  thirst;  and  if  in  the  open,  leaves  the  herd;  and,  if  water 
is  near,  will  stay  by  it;  the  ears  hang  forward;  the  head  droops,  while  flies  gather 
about  it  and  no  great  effort  is  made  to  dislodge  them.  There  may  be  twitching  of 
the  superficial  muscles  of  the  back,  shoulders,  or  hind  quarters;  rumination  is  irreg- 
ular or  ceases,  grinding  of  the  teeth  becomes  almost  constant.  When  the  animal  is 
lying  down  the  head  is  commonly  turned  toward  the  fiank.  With  the  exception  of 
those  cases  noted  above,  the  temperature  at  this  time  is  very  high,  in  many  cases 
being  over  41  ^^  C. 

About  forty-eight  hours  after  the  first  rise  of  temperature  the  hardened  feces  give 
place  either  to  a  foul-smelling,  discolored  watery  discharge  containing  mucus  flakes 
and  blood,  or  to  a  dirty,  thick,  slimy  fluid  containing  streaks  of  blood,  and  in  some 
cases  mucus  casts.  The  other  symptoms  now  all  become  aggravated.  The  discharges 
from  the  eyes,  nose,  and  mouth  are  increased  in  amount,  that  from  the  nose  is 
changed  in  character,  being  now  thick  and  muco-purulent,  while  the  skin  of  the 
upper  lip  over  which  the  secretions  have  been  running  becomes  thickened,  dry,  and 
excoriated.  The  breath  has  a  very  offensive  odor.  Prostration-  is  very  great;  the 
animal  while  standing  trembles  from  weakness;  there  is  extreme  thirst.  It  soon 
lies  down,  moaning;  the  liquid  feces  are  passed  almost  continually  with  great  strain- 
ing, finally  involuntarily,  the  animal  groaning  from  the  tenesmus.  It  rapidly 
becomes  weaker,  the  respirations  are  more  rapid  and  labored;  finally,  just  t^fore 
death,  the  temperature  drops  to  subnormal. 

The  symptoms  described  above  are  not  constant,  either  in  the  order  given,  char- 
acter, or  severity. 

The  duration  of  the  disease  from  the  first  rise  of  temperature  until  death  is  usually 
from  two  to  ten  days,  the  average  being  about  six. 

If  rinderpest  is  of  a  milder  type,  the  stools  after  a  few  days  lose  the  mucus  and 
blood  streaks,  and  gradually  assume  their  normal  consistency,  all  the  other  symptoms 
abating  at  the  same  time. 

I  have  noticed  that  a  larger  percentage  of  carabaos  than  of  cattle  show  the  highly 
injected  conjunctivae,  and  that  following  the  **  simultaneous  method '^  of  inoculation, 
when -a  diarrhea  does  appear,  it  generally  does  so  at  an  earlier  stage  with  carabaos 
than  with  cattle. 

The  great  majority  of  the  animals  which  are  affected  die.  Some  authorities  state 
that  the  mortality  is  from  60  to  80  per  cent,  but  here  in  the  Philippines  I  believe  it 
to  be  much  higher,  especially  in  the  rainy  season.  This  is  also  noticed  by  the 
natives,  who  maintain  that  while  in  the  wet  season  most  of  the  animals  die,  in  the 
dry  season  many  recover. 

In  this  respect  it  is  interesting  to  note  that  in  regions  where  wild  hogs  are  numer- 
ous the  natives  state  that  they  find  dead  hogs  as  the  epidemic  rises  m  extent  and 
virulence.  They  explain  this  by  the  theory  that  the  wild  hog  contracts  the  disease 
while  eating  the  carcasses  of  animals  dead  with  rinderpest.  In  the  Pasteur  Institute 
it  has  been  found  that  hogs  are  susceptible  to  the  disease,  and  in  view  of  this  the 
at)ove  does  not  seem  improbable. 

In  this  laboratory  we  have  had  no  opportunity  to  experiment  with  wild  hogs,  but 
procured  two  farm-bred  animals,  one  of  which  was  inoculated  with  5  c.  c.  of  virulent 
blood.  The  animal  appeared  dull  on  the  day  after,  had  very  little  appetite,  and  was 
lying  down  most  of  the  time,  with  no  other  symptoms.  The  temperature  on  the 
evening  of  inoculation  was  39.5°  C.  . 

On  the  third  day  after  the  inoculation  the  animal  showed  distinct  signs  of  illness, 
the  back  was  arched;  head  hanging;  no  appetite;  extreme  thirst;  conjunctivae  slightly 
congested,  with  a  discharge  from  the  inner  angle  of  the  eye;  the  hog  lying  down 
most  of  the  time-.  The  respiration  was  rapid.  The  morning  temperature  was  40. 2  C. , 
and  the  evening  40.4°  G.  ,.      ,         ,,  .      , 

On  the  fourth  day  there  was  a  profuse  yellowish,  watery  diarrhea,  the  animal 
appearing  to  have  involuntary  discharges  part  of  the  time. 

There  was  no  mucus  or  blOod  in  the  feces  at  any  time.  With  the  exception  of  the 
diarrhea,  the  animal  showed  the  symptoms  it  did  on  the  previous  day,  although  it 
was  now  weaker.  ,     ,         .      ,  ^-n  i 

On  the  fifth  day  the  diarrhea  had  disappeared  ;  the  animal  was  still  very  weak, 
but  the  temperature  had  dropped  to  normal.  The  hog  was  now  bled  to  death,  the 
blood  being  drawn  into  potassium  citrate  solution  and  used  to  inoculate  hog  No.  I 
and  cow  No.  46.  .  .^,  ^,  ^'        t      v  ux  i.     ^« 

The  pobt-mortem  showed  no  marked  lesions,  with  the  exception  of  a  slight  hyper- 
semia  of  almost  the  entire  alimentary  canal. 

WAR  1903— VOL  6—24 


370  '     BEPOBT   0¥   THE   PHILIPPINE    COMMISSION. 

Hog  No.  2  received  5  c.  c.  of  the  blood,  but  never  developed  any  symptoms  of  the 

*^'cmv^No  45  received  7  c.  c.  of  the  blood  and,  after  the  usual  incubation  period, 
showed  the  typical  form  of  rinderpest,  although  the  symptoms  were  much  imlder 
than  is  generally  seen  after  inoculation  with  such  a  large  quantity  of  virulent  blood. 
Unfortunately  no  other  nonimmune  cattle  were  on  hand  to  test  the  blood  drawn 
from  this  cow,  so  that  further  experiments  were  prevented.  This  animal  vv:as  bled 
to  death.     The  post-mortem  lesions  were  those  usually  seen  in  rinderpest,  although 

"°TM8  h^g  had^the  shortest  incubation  period  of  any  animal  Y  have  seen,  and  I 
would  hav^  believed  it  to  be  suffering  from  some  other  disease  had  cow  No.  4(,  not 
developed  typical  rinderpest  after  the  regular  incubation  period. 

From  this  one  series  of  experiments  it  woul<l  appear  that  while  the  hog  may  con- 
tract the  disease  and  die,  and  its  excrete  may  form  a  source  of  iufe<|tK.n  for  cattle 
and  carabao,  yet  it  is  difflcult  for  the  sick  hog  to  reinfect  others  ol  its  kind.  How- 
ever, no  definite  conclusions  could  be  basecl  upon  the  evidence  at  my  <li8posal,  and 
the  work  will  be  continued  when  opportunity  offers.  .  ^     .  ^        •       tv.„ 

Some  experiments  are  now  being  conducted  in  the  provinces  to  determine  the 
susceptibility  of  the  wild  hogs,  and  to  see  if  they  are  able  to  communicate  the  disease 
to  others. 

PREVENTIVE   MEASURES. 

When  an  animal  shows  any  symptoms  of  the  disease  as  hereinbefore  described,  it 
sh«,ld  be  immediatelv  isolat/d.  By  isolation  I  mean  that  it  should  be  en  nely  sep- 
arated from  the  remkinder  of  the  herd  and  placed  on  a  small  inclosed  area,  s  . 
seated  that  after  it  dies  or  recovers  the  ground  and  everything  which  ^^^^  f ''!*;^" 
contact  with  it  can  be  thoroughly  disinfected.  It  could  be  kept  on  the  spotj  here 
found,  temporarily  fenced  in,  and  with  a  bamboo  and  nipa  covering  to  protect, 
from  the  rays  of  the  sun.  The  excreta  should  not  be  allowed  to  enter  a  drain  and 
so  infect  surrounding  territory,  but  should  be  retained  on  the  spot  and  thoroughly 
dlnflcted  either  with  crude' carbolic  acid  in  a  strength  of  about  3  per  cent,  or  by 
the  addition  of  good  chloride  of  lime,  or  buried.  The  attendant,  if  a  native  and  not 
wearing  shoes,  Ihould  thoroughly  disinfect  his  feet  as  well  as  his  han<is  with  a  jht 
cent  solution  of  carbolic  acid  before  coming  in  contact  with  other  animals. 

If  he  wears  shoes,  he  should  have  two  pairs,  one  to  wear  whi  e  working  with  the 
sick  animal,  the  other  (which  should  be  left  on  the  outside  of  the  mclosure)  to  be 

"'Iftertofanimar^diesor  recovers,  the  shelter  should  be  burned  on  the  infected 
area,  and  the  entire  surface  of  ground  within  the  inclosure,  as  well  as  that  on  which 
the  animal  has  been  browsing  or  lying,  disinfected  with  carbo  ,c  acid  or  chloride  of 
"  lime  It  would  be  still  better,  after  sprinkling  with  carbolic  acid  or  chloride  of  hme, 
to  cover  the  eround  with  dry  grass  and  then  set  fire  to  it.  ,^,14. 

The  remainder  of  the  herd  must  be  transferred  to  new  pastures  and  there  kept 
separate  from  one  another,  and  the  temperatures  of  all  taken  dady  /nv  animal 
showing  a  temperature  above  normal,  or  any  of  the  symptoms  described,  should  be 
immediately  isolated  in  the  manner  above  described  and  the  herd  once  more  moved. 

Bv  following  these  precautions  I  believe  an  epidemic  of  rinderpest  can  be  sup- 
pressed in  its  Beginning,  and  only  those  animals  which  are  in  the  incubation  stage  at 
the  time  the  disease  is  first  recognized  will  further  develop  the  disease. 

The  bodies  of  the  animals  which  have  died  of  the  disease  should  be  either  burned 
or  buried.  It  is  better  to  burn  them;  but  if  this  can  not  be  done,  care  should  be 
teken  to  bury  them  so  deeply  that  hogs  and  other  animals  cannot  exhume  them  and 
scatter  the  bines  and  fragments  of  flesh  around  the  surrounding  country,  in  which 
event  new  points  of  infection  would  probably  be  formed.  _  .   ,    ,• 

A  very  careful  search  should  be  made  for  the  source  of  the  pnmary  mfection,  so 
that  after  suppressing  the  disease  in  the  herd  it  may  not  be  reintroduced 

As  the  hicfes  removed  from  animals  dying  of  rmderpest  convey  the  disease,  they 
should  be  thoroughly  disinfected  with  a  1  per  cent  solution  of  carbolic  amd  allowing 
them  to  remain  in  this  solution  for  several  hours,  and  then  hanging  them  m  the  hot 
sun  until  thoroughly  dry,  turning  them  over  f/e^al  times  so  that  the  rays  of  the 
sun  will  strike  all  parts.  If  they  are  to  be  sent  from  the,  infected  l<?cahty  it  wouW 
he  better  to  redisinfect  them  before  shipment.  I  have  given  direction  forthe  dis- 
infection of  the  hides  because  their  retention  may  be  insisted  upon.  My  own  opin- 
ion, however,  is  that  it  would  be  better  to  destroy  them  with  the  carcass. 
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IMMUNIZATION. 


There  are  a  number  of  different  methods  of  immunizing  cattle  and  carabaos  against 
rinderpest,  several  of  which  will  be  described,  with  their  advantages  and  disadvan- 
tages. 

INOCULATION    BY     A    MIXTURE     OF    GLYCERIN    AND     BILE   TAKEN    FROM     AN    ANIMAL   SICK 
WITH    RINDERPEST    (eDINGTON's   METHOD ). 

Edington  recommends  the  use  of  bile  taken  from  an  animal  which  has  been  sick 
six  days,  preferably  from  one  which  has  contracted  the  disease  by  natural  infection, 
because  he  found  greater  immunity  conferred  thereby  than  by  that  taken  from  ani- 
mals inoculated  w4th  virulent  blood. 

The  bile,  according  to  his  directions,  should  be  green,  having  a  white  froth  on  the 
surface  and  possess  no  putrefactive  odor.  To  obtain  it,  open  the  abdominal  cavity  of 
the  dead  animal,  tie  the  neck  of  the  gall  bladder  with  two  strong  ligatures  of  twine 
and  cut  between  them.  The  bile  can  then  be  secured  by  one  of  several  methods, 
viz,  immerse  the  bladder  in  a  bucket  of  2  per  cent  carbolic  acid,  then  wash  in  cool 
water  which  has  recently  been  boiled,  and  open  the  l)ladder  with  a  knife  wdiich  has 
also  been  boiled,  allowing  the  bile  to  flow  into  a  vessel  recently  sterilized  by 
thoroughly  w^ashing  with  boiling  water;  or,  after  the  bladder  has  been  disinfected, 
the  bile  can  then  be  obtained  by  means  of  a  trocar  and  canula,  hollow  needle,  or 
even  a  sharpened  small  piece  of  bamboo  w^hich  has  been  sterilized.  If  found  to  be 
satisfactory,  half  its  volume  of  glycerin  is  added  to  the  bile,  and  tlie  mixture  is  then 
kept  in  a  cool  place  for  eight  days;  after  which  it  is  ready  for  use.  The  inoculator 
should  not  take  the  l)ile  from  the  dead  cow,  as  he  is  liable  to  carry  the  infection  to 
the  animals  he  is  inoculating. 

Of  the  bile  thus  prepared,  h5  to  30  c.  c.  is  injected  under  the  skin  of  the  dew-lap. 
The  syringe  which  is  used  for  this  purpose  should  be  allowed  to  remain  in  a  3  per 
cent  solution  of  carbolic  acid  for  about  thirty  minutes,  and  before  using  should  be 
washed  out  v/ith  water  which  has  been  freshly  boiled.  It  would  also  be  well  to 
w^ash  the  skin  where  the  inoculation  is  to  be  made  with  the  same  carbolic-acid  solu- 
tion. After  ten  days  the  animal  should  be  reinoculated  with  0.2  c.  c.  of  virulent 
blood. 

The  advantages  of  this  method  are:  First,  there  are  practically  no  deaths  follow- 
ing the  inoculation;  second,  after  preparing  the  bile  it  can  be  kept  ready  for  use  for 
about  one  year;  third,  pregnant  animals  seldom  abort. 

The  disadvantages  are:  First,  the  immunity  thus  produced  lasts  a  very  short  time, 
generally  from  two  weeks  to  three  months;  second,  very  little  immunity  is  conferred 
until  after  ten  days;  third,  in  some  animals  no  immunity  is  produced  at  all;  fourth, 
the  small  quantity  of  bile  secured  from  each  animal  makes  it  necessary  to  allow  a 
number  of  animals  to  contract  the  disease  in  order  to  obtain  a  sufficient  amount  for 
the  immunization  of  the  remainder  of  the  herd;  fifth,  it  requires  two  inoculations; 
sixth,  it  is  necessary  to  bleed  a  sick  cow  to  get  virulent  blood  for  the  second 
inoculation. 

SERUM   METHOD. 

Koch  demonstrated  that  the  serum  of  the  blood  taken  from  an  animal  which  had 
suffered  from  rinderpest  and  recovered  possessed  immunizing  powers. 

The  serum  which  is  used  for  this  and  the  following  methods  is  prepared  by  inoculat- 
ing cattle  with  gradually  increasing  doses  of  blood  taken  from  an  animal  sick  with 
the  disease,  until  they  can  bear  very  large  quantities. 

The  animal  first  receives  the  ''simultaneous  method"  of  inoculation  heremalter 
d  ^scribed.  If  it  shows  a  good  reaction,  i.e. ,  rise  of  temperature  after  the  proper  period, 
it  is  given  100  c.  c.  of  virulent  blood  after  the  temperature  again  drops  to  normal 

This  is  subsequently,  and  under  the  same  circumstances,  followed  by  5U0  c.  c.  and 

afterwards  by  1,000  c.  c.  .  .  .     ,        i  ^x      4^  •       u 

If  the  animal  does  not  show  a  good  reaction  within  ten  days  after  simultam^Kis 
inoculation,'^  it  is  given  10  c.  c.  of  virulent  blood.  If  a  good  reaction  follows  this 
dose,  and  after  the  temperature  drops  to  normal,  it  received  250  c  c  of  virulent  blood 
then  ten  days  later  (or  after  the  temperature  becomes  normal)  500  c.  c,  and  tinally 
1,000  c.  c.     After  receiving  a  dose  of  1,000  c.  c.  the  animal  is  bled  for  serum. 

In  bleeding  our  serum  animals,  they  are  strapped  upon  the  operating  table  a  small 
area  over  the  jugular  vein  is  shaved  clean  and  sterilized  with  a  3  per  cent  solution  of 
carbolic  acid,  followed  by  alcohol.  The  instruments  are  also  sterihzed  in  a  3  per  cent 
carbolic-acid  solution. 
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After  sterilization  is  completed,  a  short  incision  is  made  over  the  course  of  the  jugular 
vein.  The  latter  heing  exposed,  a  trocar  and  canula  are  inserted  into  it.  It  is  better, 
when  the  trocar  is  withdrawn,  to  attach  a  piece  of  rubber  tubing  to  the  canula,  for  if 
this  is  not  done,  the  animal  in  its  struggles  may  upset  the  vessel  into  which  the  blood 
is  being  drawn  or  cause  the  previously  sterile  vessel  to  become  infected.  The  blood 
is  allowed  to  flow  into  tall  glass  cylinders  holding  500  c.  c.  each,  about  three  liters 
being  taken  at  one  operation.  It  is  then  set  aside  for  twenty-four  hours,  at  the  end 
of  which  time  the  clot  will  generally  have  contracted  quite  lirmly  and  will  be  sur- 
rounded by  the  clear  serum;  this  is  drawn  off  by  means  of  sterile  pipettes  or  by  a 
siphon. 

After  this  operation  the  clots  should  be  allowed  to  stand  for  an  additional  twenty- 
four  hours,  as  at  the  end  of  that  time  some  additional  serum  can  be  obtained. 

Following  Roger's  plan,  the  animals,  after  receiving  1,000  c.  c.  of  virulent  blood, 
are  allowed  to  remain  until  the  temperature  becomes  normal.  They  are  then  bled 
three  times  with  an  interval  of  one  week  between  each  bh^Kiing,  after  which  they 
are  inoculated  with  1,500  c.  c.  of  virulent  blood  and  bled  in  the  same  manner  as 
before.  ^ 

In  using  the  serum,  50  to  100  c.  c.  should  be  injected  under  the  skin,  using  the  pre- 
cautions given  above. 

The  advantages  of  this  method  are:  First,  that  it  produces  no  reaction;  second,  in 
dairy  cattle  there  is  no  suppression  of  milk;  third,  the  imnumity  conferred  is  almost 
immediate;  fourth,  if  the  disease  is  just  developing,  it  will  often  modify  the  attack, 
making  it  much  milder  in  type;  fifth,  there  are  no  deaths  as  a  result  of  the  inocula- 
tions; sixth,  pregnant  animals  do  not  abort;  seventh,  the  serum  can  be  prepared  in 
any  quantity  and  it  will  keep  during  seven  or  eight  montlis.    . 

The  disadvantages  are:  First,  the  short  period  of  immunity,  it  averaging  from  two 
to  four  months;  second,  the  skill  required  in  preparing  the  serum;  third,  I  believe 
sometimes  very  little  immunity  is  conferred,  as  1  have  seen  cases  in  which  a  small 
quantity  of  virulent  blood,  given  from  ten  to  fifteen  days  after  the  inoculation  of 
serum,  would  develop  a  virulent  type  of  the  disease. 

As  stated  above,  a  great  many  calves  received  from  Hongkong  for  vaccine  ^vork 
have  shown  some  of  the  first  symptoms  of  the  disease  either  upon  the  day  of  admis- 
sion or  within  twenty-four  hours  thereafter.  For  this  reason  Ave  have  been  giving  all 
animals  which  have  shown  a  temperature  above  normal,  50  c.  c.  of  serum  upon  the 
day  of  admission,  the  remainder  receiving  the  "simultaneous  method"  described 
below. 

In  these  cases  where  serum  alone  is  given,  and  where  it  is  desired  to  confer  perma- 
nent immunity,  the  calf  is  reinoculated  with  virulent  blood  alone  after  ten  days. 
To  obtain  a  reaction  in  these  cases  we  have  found  it  necessary  to  give  a  dose  of  15  to 
25  c.  c.  of  virulent  blood  when  it  is  given  within  ten  to  thirty  days  after  the  primary 
inoculation,  and  even  under  these  circumstances  some  calves  will  show  no  reaction. 

SERUM   SIMULTANEOUS   METHOD. 

This  method,  with  the  modification  noted  on  page  20,  is  the  one  in  use  at  this  lab- 
oratory, as  well  as  at  the  principal  points  throughout  the  world  where  rinderpest  is 
prevalent.  It  was  first  used  by  Kolle  and  Turner  in  their  work  in  South  Africa.  It 
requires  more  skill  than  the  bile  method,  as  it  is  necessary  to  first  prepare  serum  and 
then  to  obtain  virulent  blood  from  another  animal  sick  with  the  disease. 

When  we  first  began  inoculating  in  this  laboratory  we  used  fresh  virulent  blood,  but 
soon  found  that  Edington's  method  of  preserving  it,  in  a  solution  of  potassium  citrate 
to  prevent  coagulation,  was  preferable.  If  the  blood  is  kept  in  a  cool  place  it  can, 
according  to  our  experience,  be  used  for  at  least  seven  days  with  good  results.  Rome 
authors  maintain  that  it  can  be  preserved  for  a  longer  period.  The  blood  is  drawn 
into  a  500  c.  c.  sterile  flask,  which  contains  25  c.  c.  of  a  5  per  cent  solution  of  potas- 
sium citrate,  so  as  to  give  1.25  grams  of  potassium  citrate  to  each  flask. 

In  using  this  method,  the  amount  of  serum  necessary  (which  varies  from  15  to  50 
c.  c,  according  to  the  susceptibility  of  the  animal,  as  determined  by  experiment  with 
others  in  the  herd)  is  injected  under  the  skin  on  one  side  of  the  animal,  and  1  c.  c. 

«  My  assistant,  Mr.  Chas.  S.  Sly,  has  had  charge  of  the  preparation  and  handling 
of  all  serums,  while  Dr.  J.  G.  Slee,  assistant  veterinary  surgeon  to  the  city  of  Manila, 
has  done  nearly  all  of  the  bleeding,  had  charge  of  all  the  inoculations,  as  well  as  the 
general  supervision  of  the  stock  on  hand.  A  great  deal  of  credit  is  due  them  for  their 
valuable  work  in  assisting  in  the  suppression  of  the  epidemic  now  prevalent  in  these 
islands.  Their  work  has  not  been  confined  to  this  laboratory,  but  has  extended  te 
the  provinces,  where  they  have  inoculated  a  great  many  cattle  and  carabao. 
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of  the  virulent  blood  on  the  opposite  side  and  at  the  same  time.  If  this  amount  of 
virulent  blood  were  given  without  simultaneous  inoculation  of  serum,  it  would 
invariably  produce  the  disease  in  susceptible  animals,  but  as  the  latter  is  given  at  the 
same  time,  it  not  only  produces  immediate  partial  immunity,  but  also  aids  the  system 
in  overcoming  the  toxic  effects  of  the  virulent  blood;  as  a  consequence  a  rise  of 
temperature  only  is  noted. 

A  temperature  curve  showing  a  good  reaction  after  inoculation  by  the  **  simul- 
taneous method  '*  is  shown  in  Chart  No,  2. 

Chabt  No.  2. 

Steer  No.  7^,  December  31,  1902, 

[Weight,  900  pounds;  age,  4  years;  sex,  male;  color,  red;  inoculation,  rinderpest;  history, 
inoculated  December  31,  1902,  with  1  c.  c.  virulent  blood  from  cow  No.  67,  and  serum 
20C.C.] 
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The  advantages  of  this  method  are:  First,  the  serum  can  be  prepared  and  kept  on 
hand  in  large  quantities;  second,  it  confers  immediate  partial  immunity,  which 
becomes  much  greater  after  the  resulting  reaction,  and  if  the  animal  is  in  the  incu- 
bation period  at  the  time  of  inoculation  the  subsequent  disease  may  be  modified; 
third,  the  reactions  are  more  even,  under  better  control,  and  the  immunity  lasts 
longer  than  by  any  bile  method;  fourth,  only  one  inoculation  is  required;  fifth,  in 
animals  showing  a  reaction  the  immunity  conferred  is  very  effective  and  lasts  for 
years,  while  a  temporary  immunity  probably  lasting  for  several  months  is  conferred 
upon  the  ones  having  no  reaction. 

The  disadvantages  are:  First,  the  inability  to  perfectly  control  the  reactions  by  the 
regulation  of  the  relation  between  the  dose  of  virulent  blood  and  of  serum;  second, 
in  order  to  obtain  reactions  in  all  animals,  some  cases  require  a  second  inoculation 
with  virulent  blood;  third,  to  do  the  work  properly  it  is  necessary  to  take  tempera- 
tures from  the  fourth  day;  fourth,  the  mortality,  which  is  from  2  to  10  per  cent,  is 
higher  than  by  any  of  the  other  methods  described. 

At  this  laboratory  we  use  the  simultaneous  method  as  modified  by  Eogers.  The 
modification  consists  in  taking  the  temperatures  on  and  after  the  fourth  day  of  all 
the  animals  inoculated,  and  those  showing  no  reaction  from  the  first  inoculation 
are  reinoculated  after  ten  days  with  10  c.  c.  of  virulent  blood. 

The  advantages  of  this  method  are:  First,  a  reaction  is  obtained  more  often  than 
by  any  other  method;  second,  it  is  shown  ina  much  larger  percentage  of  cases;  third, 
those  animals  having  no  reaction  after  the  second  inoculation  will  have  a  longer 
immunity  conferred  upon  them  than  bj  the  serum  or  any  of  the  bile  methods, 
although  it  is  probably  not  of  long  duration.  .     ,. 

The  disadvantages  are:  First,  that  second  inoculations  are  required  m  some  cases; 
second,  beginning  on  the  fourth  day,  it  is  necessar;jr  to  keep  temperature  records  of 
the  anima&,  thus  necessitating  a  larger  force  of  moculators;  third,  the  difficulties; 
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encountered  in  tlie  provinces  where  the  natives  are  in  such  marked  opposition  to  the 
inoculations  as  to  render  it  almost  impossible  in  the  outlying  districts. 

This  method  is  to  be  preferred  when  practicable,  as  immunity  extending  over  a 
long  period  is  conferred  upon  tlie  majority  of  tlie  animals,  while  a  temporary  one  is 
given  to  all.     Rogers  states  that  after  a  good  reaction  the  immunity  continues  for 

years.  i  •      ^i 

The  work  done  at  this  laboratory  has  been  of  too  recent  a  date  to  deternnne  the 
duration  of  the  immunity  in  this  country,  but  it  will  undoubtedly  accord  with 
Rogers's  experience. 

DEFIBRINATED-BLOOD    METHOD. 

This  method  originally  recommended  by  Rogers  may  be  used  by  cattle  owners 
themselves. 

It  is  first  necessary  to  find  an  animal  which  has  just  recovered  from  the  rinderpest; 
it  is  then  bled,  with  all  the  precautions  given  on  page  17,  the  blood  being  allowed 
to  flow  into  a  wide-mouthed  vessel  which  has  previously  been  sterilized.  Then 
with  an  ordinary  egg  beater  or  wdre  brush  which  has  been  boiled  for  at  least  fifteen 
minutes,  the  blood  should  be  whipped  for  fifteen  or  twenty  minutes,  or  until  there 
is  complete  separation  of  the  fibrin,  which  forms  a  stringy  mass  clinging  to  the  egg 
beater.  The  blood  can  then  be  used,  as  it  will  not  coagulate;  it  is  to  be  injected  under 
the  skin  in  doses  of  from  50  to  250  c.  c.  It  must  be  used  fresh,  as  it  will  soon  spoil. 
It  confers  an  immunity  lasting  from  one  to  four  months. 

I  believe  that  where  the  blood  from  a  recently  recovered  animal  is  to  be  used  for 
treatment  or  immunization,  it  w^ould  be  better  to  draw  the  blood  into  a  sterile  flask 
or  vessel  containing  the  potassium-citrate  solution.  This  would  do  away  w  ith  the 
danger  of  contamination,  which  is  often  very  difficult  to  prevent  in  the  process  of 
defibrination.  . 

The  advantages  of  this  method  are:  First,  it  produces  rapid  immunity;  se(;ond, 
the  defibrinated  blood  is  easily  prepared  on  the  field  when  animals  which  have 
recovered  from  the  disease  are  present;  third,  there  is  no  reactionary  fever. 

The  disadvantages  are:  First,  only  a  temporary  immunity  is  obtained;  second,  the 
blood  can  not  be  kept;  it  must  be  fresh  when  used. 

This  method  is  one  which  should  be  of  great  benefit  in  distant  provinces  where  it 
is  impossible  to  obtain  helpormeans  for  inoculation  by  the  '*  simultaneous  method.  |' 
As  immediate  immunity  is  produced,  it  will  be  seen  that  with  the  exception  of  ani- 
mals which  already  have  the  disease  in  its  incubation  period,  no  more  will  contract 
rinderpest  during  one  to  four  months,  the  epidemic  thus  dying  in  its  infancy. 

TREATMENT. 

Most  of  the  writers  whom  w^e  have  been  able  to  review,  and  w^io  have  had  expe- 
rience with  rinderpest,  join  in  saying  that  no  treatment  is  of  any  benefit  wdien  once 
an  animal  has  contracted  the  disease,  although  some  state  that  large  doses  of  serum 
given  subcutaneously  exert  a  favorable  action  upon  the  course  of  the  disease. 
^  Serum  has  been  used  in  verv  large  doses  with  infected  animals  in  this  laboratory, 
but,  with  the  exception  of  two  or  three  calves,  we  have  been  unable  to  detect  any 
difference  in  the  course  of  the  disease,  although  a  number  of  cases  showed  a  transient 
fall  in  temperature.  From  the  foregoing  it  is  evident  that  prevention  is  the  best  treat- 
ment for  rinderpest. 

In  case  an  epidemic  breaks  out  in  a  locality  the  local  health  authorities  should  see 
that  the  infected  animals  are  isolated,  with  all  the  precautions  described  on  pages 

14  etc. 

The  source  of  the  primary  infection  should  be  traced  if  possible,  and  when  found 
suitable  precautions  should  be  taken  to  prevent  reinfection  after  the  disease  is  under 

Where  possible  all  the  animals  in  the  infected  district  should  be  immunized  by  the 
**  simultaneous  method."  When  expert  help  can  not  be  obtained  for  this  purpose 
the  ' '  defibrinated-blood  method  "  or  ^ '  Edington' s  glycerin  and  bile ' '  method  may  be 
used  by  tlie  cattle  owners  themselves.  . ,,  .    .     xv 

Of  these  two  latter  methods  I  believe  the  ''defibrinated-blood  method'  to  be  the 
best,  as  immediate  immunity  is  produced,  whereas  with  the  '*bile  method"  it  is  first 
necessary  to  allow  the  mixture  to  stand  eight  days  before  inoculating  animals,  ana 
full  immunity  is  not  conferred  until  ten  days  after  inoculation,  so  that  after  the  first 
case  appears  it  is  eighteen  days  before  the  animals  become  immune. 

As  no  treatment  has  any  effect  upon  the  course  of  rinderpest,  and  as  it  has  been 
proven  that  an  animal  which  has  been  inoculated  and  has  shown  a  good  reaction 
seldom  contracts  the  disease,  it  is  evident  that  it  is  not  only  necessary  to  inoculate 
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all  the  animals  now  in  tlie  Philippine  Iplands,  but  alj«^o  those  to  he  imported.  By  this 
means  it  will  be  possible  to  completely  remove  rinderpest  .rom  tlie  islands,  but  if 
such  precautions  are  not  taken  it  will  continue  indetinitely,  spreading  from  one  point 
to  another,  killing  off  a  large  percentage  of  the  young  animals  and  so  working  a 
continual  hardship  on  the  people. 

THE   PROCURING   OF   VIRULENT  BLOOD. 

Our  greatest  difficulty  lies  in  procuring  nonimmune  animals.  Rinderpest  has  been 
prevalent  in  the  Philippine  Islands  since  1882,  and  as  it  has  passed  over  nearly  all  of 
the  islands  it  can  readily  be  seen  that  there  is  no  certainty  as  to  the  results  until 
after  inoculating  a  native  animal  with  a  small  dose  of  virulent  blood.  This  inability 
to  count  ou  virulent  blood  just  when  it  is  needed  for  the  serum  animals  seriously 
hampers  the  work.  In  some  instances  animals  sick  with  rinderpest  were  procured 
from  the  corrals  adjoining  the  abattoir,  but  as  it  was  impossible  to  state  just  how 
long  they  had  been  infected  they  were  only  used  in  emergencies. 

On  numerous  occasions  animals  purchased  in  Hongkong  were  tried,  but  as  a  cer- 
tain number  were  found  to  be  immune  the  expense  was  too  great.  Animals  pur- 
chased in  Cochin  China  were  also  experimented  with,  but  the  same  trouble  was 
experienced. 

The  most  reliable  animals  purchased  for  this  purpose  were  those  from  the  island 
of  Sibuyan,  P.  I.  The  natives  say  that  rinderpest  has  never  been  epidemic  on  this 
island,  but  as  the  interisland  boats  are  very  irregular,  especially  to  points  on  the 
island  of  Sibuyan,  great  difficulty  even  has  been  experienced  in  procuring  these. 

In  the  latter  part  of  the  fiscal  year  the  work  became  more  complicated  by  the 
presence  of  hemorrhagic  septicemia,  a  number  of  cases  developing  in  J;he  govern- 
ment carabao  shipped  from  Shanghai,  while  reports  received  from  Hongkong  stated 
that  this  disease  is  very  prevalent  in  that  locality.  When  hemorrhagic  septicemia 
first  appeared  we  were  depending  upon  the  development  of  rinderpest  in  animals 
from  Hongkong  for  virulent  blood  to  inoculate  our  serum  animals,  but  this  new  com- 
plication necessitated  a  change  in  technique.  We  had  previously  been  inoculating 
directly  from  the  sick  beast  into  the  serum  animal,  which  was  kept  in  a  stock  near  by, 
but  after  tlie  development  of  the  hemorrhagic  septicemia  tlie  virulent  blood  was 
drawn  into  sterile  flasks  containing  a  5  per  cent  solution  of  potassium  citrate  in  such 
quantity  as  to  give  5  per  cent,  or  a  sufficient  amount  to  [)revent  clotting  when  the 
flask  was  filled.  This  procedure  gives  sufficient  time  to  hold  a  post-mortem  on  the 
virulent  blood  animal  before  using  its  blood  for  inoculations.  Where,  on  post- 
mortem, the  animal  showed  any  suspicious  lesions,  the  blood  was  placed  in  the  ice 
chest  and  cultures  made  from  the  different  lymphatic  glands  and  organs;  if  these 
were  negative,  it  was  used.  While  reports  state  that  hemorrhagic  septicemia  is  very 
prevalent  in  Hongkong,  w^e  have  as  yet  seen  but  one  case  from  that  ])ort. 

This  method  of  inoculating  with  virulent  blood  has  not  been  in  use  a  sufficient 
length  of  time  to  make  any  definite  statement,  but  we  believe  that  where  the  viru- 
lent blood  is  drawn  into  a  citrate  solution  as  described  above  and  is  then  immediately 
used  a  stronger  serum  will  l)e  obtained.  W^e  are  led  to  make  this  statement  from 
observing  the  rapidity  with  which  the  blood  is  absorbed  and  from  the  more  rapid 
and  sharp  reaction  following  the  inoculation.  In  a  great  many  instances  where 
citrate  was  not  used  the  blood  clotting  in  the  subcutaneous  tissues  would  remain 
unabsorbed  for  a  long  time.  In  a  number  of  instances  the  swellings  induced  by 
these  injections  were  opened  under  the  impression  that  they  were  abscesses  and  were 
then  found  to  be  large  clots  of  blood  which  had  apparently  been  walled  off  by  the 
formation  of  fibrous  tissue. 

From  this  experience  it  would  seem  probable  that  any  process  which  will  prevent 
this  change  from  taking  place  and  at  the  same  time  hasten  the  absorbtion  of  the 
virulent  blood  will  produce  a  sharper  reaction  and  probably  a  stronger  serum. 

Difficulty  in  procuring  nonimmune  animals  prevented  our  obtaining  the  dosage  of 
our  serum  before  using  it  in  the  provinces,  as  is  recommended  by  Kolle  and  Turner, 
and  so  when  starting  the  inoculation  in  any  one  province  instructions  were  always 
given  to  take  not  more  than  ten  animals,  inoculating  them  by  the  "simultaneous 
method  "with  increasing  doses  of  serum,  changing  from  20  to  25,  80,  35,  and  40  c.  c. 
The  reaction  to  be  desired  should  show  a  sharp  rise  of  temperature,  eyes  slightly 
injected,  loss  of  appetite,  but  no  diarrhea.  The  work  was  complicated  in  a  number  of 
instances  in  the  treatment  of  carabao,  the  animal  not  showing  any  rise  of  tempera- 
ture, but  developing  a  diarrhea  and  dying.  This  occurred  several  times,  so  that  the 
inoculators  drew  the  conclusion  that  an  animal  had  a  reaction  when  there  was  a 
marked  injection  of  the  eye  with  a  dinmnition  in  appetite,  but  with  no  rise  of 
temperature. 
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The  dosage  of  serum  was  found  to  vary  but  little  in  the  different  parts  of  the  islands, 
the  average  being  30  c.  c. 

The  motality  percentages  in  the  appended  tables  we  believe  to  be  somewhat  mis- 
leading. In  a  number  of  inbtances  the  inoculators  were  unable  to  obtain  the  subse- 
quent history  of  the  animals  after  inoculation,  and  no  doubt  if  they  had  been  able  to 
do  so  the  death  rate  in  certain  localities  would  have  been  slightly  increased. 

In  the  provinces  the  opposition  of  the  natives  has  been  a  great  obstacle  to  the  suc- 
cess of  the  work,  not  only  from  the  trouble  made  in  securing  the  animals,  but  also 
from  the  failure  to  bring  them  in  for  the  taking  of  temperatures.  This  has  made  a 
gre'dt  many  of  our  records  valueless,  for  it  was  impossible  to  tell  whether  or  not  the 
animals  showed  a  proper  reaction. 

Another  difficulty  with  which  we  have  had  to  contend  was  inadequate  transporta- 
tion. The  officialsof  the  government  have  always  given  all  the  assistance  which  lay 
in  their  power,  but  as  they  themselves  were  encountering  the  same  trouble  it  can  be 
seen  that  but  little  assistance  could  be  rendered. 

The  lack  of  trained  inoculators  confined  the  work  to  those  districts  in  which  rinder- 
pest was  epidemic.  This  explains  why  serum  alone  was  given  in  so  many  cases.  It 
IS  doubtful  if  the  "simultaneous  method'*  of  inoculation  is  the  best  method  to  use 
in  such  infected  localities,  but  the  transportation  was  so  irregular  that  it  was  deemed 
advisable  if  possible  to  bestow  permanent  immunity  upon  the  animals  instead  of 
using  the  serum  alone,  the  expectation  being  to  return  at  some  future  date  to  complete 
the  immunization.  No  doubt  our  mortality  percentage  has  been  increased  over 
what  it  would  have  been  had  the  work  been  done  in  clean  localities,  but  we  believe 
that  what  increase  there  may  have  been  is  more  than  counterbalanced  by  the  amount 
of  work  which  the  inoculators  were  able  to  accomplish,  as  well  as  by  doing  away  with 
the  danger  of  allowing  the  temporary  immunity  to  wear  off  and  the  animal  so  to  con- 
tract the  disease  provided  the  inoculators  could  not  return  at  the  proper  time. 

In  all  the  localities  where  the  '^ simultaneous  method"  of  inoculation  has  l)een 
used  the  epidemic  has  been  brought  to  a  rapid  termination,  only  those  animals 
which  had  been  hidden  by  the  natives  subsequently  contracting  the  disease. 

Table  No.  1  shows  the  amount  of  antirinderpest  serum,  in  cubic  centimeters,  pre- 
pared and  distributed  during  the  period  covered  by  the  report. 

Table  No.  1. — Report  of  amount  of  rinderpest  serum  used  in  laboratory  from  January  i, 

1903,  to  September  1,  1903. 


January . . 
February . 

March 

April 

May 

June 

July 

August . . . 


Dropped  . 


Month. 


Used  at  laboratory 

On  hand  September  1,  1903  . 


Prepared,     Returned.       Issued.       Balance. 


c.  c. 

22, 838 
18,  794 
18, 610 
25, 528 
98,900 

100,400 
86,008 

188, 550 


559, 628 


58,500 
50,100 


108, 600 


c.  c. 

14.238 

i;ooo 

25,130 
33,322 
24, 940 

133, 725 
87, 100 

118,608 


438,063 


230, 165 
25, 104 


205, 061 
27,611 


177, 450 
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Table  No.  2  shows  the  number  of  animals  inoculated  in  the  laboratory  from  Janu- 
ary 1  to  July  1,  4903,  with  the  amount  of  serum  and  virulent  blood  used. 

Table  No.  2.~Report  of  the  amount  of  rinderpest  serum  used  at  lahoratonj  from  January 
1,  190S,  to  September  1,  1903,  and  amount  of  virulent  blood  for  same  period. 


Month. 

Amount 
serum. 

Number 
inocula- 
tions 
with 
serum. 

Amount 
blood. 

Number 
inocula- 
tions 
with 
blood. 

January 

3,245 
1,  595 
5, 269 
3, 520 
4, 525 
1,200 
2, 860 
2,890 

68 
31 
63 
106 
50 
26 
44 
68 

5,992 
10,225 
19,851 
10, 074 
24, 460 
24,316 
"26,862 
62, 523 

70 
56 
74 
117 

75 
79 

Ho 

February  

March 

April 

May 

June 

July  

August 

25, 104 

456 

224, 204 

707 

Blood  

707 

Serum 

■ 

456 

Total  inoculations 

1,163 

It  is  impossible  to  state  how  many  animals  were  bled  to  death  in  obtaining  this' 
amount  of  virulent  blood,  some  of  the  records  having  become  mixed  with  those  of 
animals  dying  from  other  causes.    The  animals  used  for  this  purpose  were  small,  the 
average  amount  of  virulent  blood  obtained  from  an  individual  being  about  4,500  c.  c. 

Table  No.  3  shows  the  results  of  immunizing  cattle  and  carabaos  at  the  laboratory. 
Tliis  also  includes  animals  which  were  supposed  to  have  rinderpest  and  which  were 
brought  to  the  laboratory  for  treatment. 

Table  No.  3. — Method  and  result  of  immunizing  cattle  and  carahao  on  admittance. 


Month. 

Simultaneous 
method. 

Serum  method. 

Treatment. 

Number. 

Deaths. 

Number. 

Deaths. 

Number. 

Deaths. 

January 

27 
4 
10 
20 
11 
2 
2 
10 

23 

February  

March 

3 

1 

6 

11 

G 

April 

May 

June 

July 

1 
1 

11 
10 

2 
2 

August 

\ 

Total 

86 

28 

28 

4 

11 

6 

The  death  rate  following  the  immunization  of  animals  at  the  laboratory  is  greater 
than  that  obtained  in  the  provinces.  This  can  best  be  explained  by  the  fact  that 
nearly  all  the  cattle  brought  to  the  laboratory  for  immunization  were  shipped  from 
other  ports,  and  as  the  majority  of  the  ships  are  infected  with  rinderpest  it  was  not 
difficult  to  predict  what  the  results  would  be  were  the  animals  inoculated  by  the 
"simultaneous  method, '^  more  especially  when  the  fl,nimals  are  very  probably  in 
the  incubative  stages  at  the  time  of  inoculation.  The  high  mortality  in  January  was 
due  to  the  inoculation  of  a  herd  of  carabaos  imported  from  Borneo,  which  proved  to 
be  highly  susceptible  to  the  disease. 
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Table  Ko.  4  Bhows  tlie  result  of  iimnunization  of  the  vaccine  calveK  and  of  the 
treatment  given  those  whicli  were  sick  at  the  time  of  arrival,  as  well  as  those 
inoculated  with  virulent  blood  for  other  purposes. 

Table  No.  4. — Method  and  result  of  immunizing  calves  on  admission. 


Simultaneous. 

Serum. 

Treatment. 

Inocu- 
lated for 
virulent 

blood. 

Deaths 
from 
other 

causes. 

Month. 

Number. 

Deaths. 

Number. 

Deaths. 

Number. 

Deaths. 

1903. 

19 
10 

5 
2 
2 

1 
2 

2 

7 
23 
29 
25 
13 
22 
28 
23 

4 

12 
12 
21 

5 
3 

4 
12 
12 
21 
5 
3 

1 
3 
1 

March 

i 

April 

May 

2 
4 

1 

4 

15 

7 

3 

TnW    "  *                           * 

August 



Total 

38 

5 
13. 15 

171 

27 
15.8 

57 

57 
100 

11 

4 

All  the  calves  coming  under  the  heading  of  ''Treatment  '*  died.  It  may  be  stated, 
however,  that  a  number  of  animals  which  were  entered  in  the  serum  column  which 
were  but  slightly  attacked  and  received  some  treatment  recovered.  A  large  per- 
centage of  the  animals  were  infected  with  both  foot-and-mouth  disease  and  rinder- 
pest, and,  as  was  stated  above,  this  combination  seems  to  be  exceedingly  fatal  to  both 
voung  and  adult  animals.  i,  x u      i 

'  The  treatment  consisted  in  giving  large  doses  of  antirmderpest  serum  both  sub- 
cutaneously  and  intravenously,  with  stimulation,  but,  as  can  be  seen,  the  results  were 
not  encouraging.  ^    ,      ,,   .       .,  i.i     m 

Toward  the  latter  part  of  the  fiscal  year  the  use  of  the  ''simultaneous  method 
with  calves  was  almost  discontinued,  the  majority  receiving  serum  alone.     This  was 
done  for  reasons  previously  mentioned.  ^    .     i     .  .  i      ■, 

These  animals  subsequently  subcutaneously  received  doses  of  virulent  blood  rang- 
ing from  5  to  20  c.  c.  in  quantity  sufficient  to  produce  a  reaction.  The  four  dying 
during  the  month  of  June  should  not  have  been  placed  under  this  heading,  as  they 
showed  elevated  temperatures  at  the  time  of  admission  and  developed  foot-and-mouth 
disease  the  following  day;  they  subsequently  died  of  a  combination  of  rinderpest  and 
foot-and-mouth  disease. 

RINDERPEST   INOCULATIONS   IN   THE   PROVINCES. 

On  May  21,  1903,  the  Commission  passed  a  law  authorizing  the  board  of  health  to 
employ  10  veterinarv  surgeons  and  20  inoculators  for  the  immunization  against  rin- 
derpest of  the  cattle  and  carabaos  of  the  Philippine  Islands.  The  board  of  health 
have  up  to  the  present  time  been  unable  to  obtain  this  number  of  employees  capable 
of  carrying  on  the  work,  there  never  having  been  more  than  two  veterinary  surgeons 
at  work  in  the  provinces  at  one  time.  The  inoculators  all  took  a  course  of  instruc- 
tion in  this  laboratorv  before  being  sent  into  the  provinces.  Their  duties  consisted 
principally  in  assisting  at  the  inoculations,  in  taking  temperatures,  keeping  the  rec- 
ords of  owners,  etc.  The  majority  of  thc:-i  were  formerly  hospital  corps  men  ot  the 
United  States  Army  and  so  did  not  require  much  training  for  the  work. 

Rinderpest  having  been  reported  at  Surigao,  on  the  island  of  Mindanao,  Veterinary 
Surgeon  John  G.  Slee  and  one  assistant  left  for  that  port  on  February  1  with  suffi- 
cient serum  to  inoculate  1,000  animals.  Upon  their  arrival  they  found  that  rinder- 
pest was  not  present  at  Surigao ,  but  was  said  to  be  so  farther  south.  An  attempt  was 
made  to  reach  the  afflicted  district,  but,  owing  to  the  season  of  the  year  and  the 
nature  of  the  coast,  they  were  unable  to  go  by  water,  and  the  impassable  trails  pre- 
vented them  going  overland,  so  they  returned  to  Manila  by  the  same  boat,  arriving 

\jpcm  receipt  of  a  notice  from  the  governor  of  Mindoro,  stating  that  rinderpest  was 
destroying  a  great  many  cattle  and  carabaos  around  Calapan,  Veterinary  burg. 
John  G.  Slee,  with  one  assistant,  left  Manila  March  1,  arriving  at  Calapan  the  fol- 
lowing day.  They  found  that  rinderpest  had  killed  a  large  number  of  cattle  and 
carabaos  in  Calapan  and  its  surrounding  barrios,  a  number  being  sick  at  the  time 
of  their  arrival.  Difficult  transportation  confined  the  inoculations  almost  entirely  to 
the  immediate  neighborhood  of  this  town. 
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The  first  barrio  visite<l  wan  that  of  San  Vicente,  just  across  the  river  from  Calapan. 
At  this  place,  on  March  .S,  27  animals  were  inoculated  hy  the  ''simultaneous  method" 
and  6  with  50  c.  c.  of  serum  alone,  because  the  latter  seemed  to  have  some  of  the 
symptoms  of  rinderpest.  At  tlie  time  of  inoculation  10  animals  were  found  to  be  suf- 
fering from  the  disease.  On  the  following  day  Doctor  Slee  proceeded  to  Jolo,  where 
33  carabaos  were  treated  by  the  '* simultaneous  method"  and  5  with  serum  alone. 
A  large  number  of  animals  had  died  in  this  place  just  previous  to  the  arrival  of  the 
inoculators,  and  from  the  high  mortality  following  the  work  it  is  probable  that  some 
animals  were  in  the  incubative  stages  at  the  time.  The  results  of  the  inoculations 
will  be  noted  in  the  appended  table.  ' 

On  March  29  Bulalo  was  visited,  39  carabaos  inoculated  by  the  ''simultaneous 
method ' '  and  1  with  serum  alone.  Two  of  the  former  showed  an  elevation  of  tempera 
ture  at  the  time  of  inoculation.     Both  subsequently  died. 

The  next  barrio  was  Baruyan.  In  this  place  28  carabaos  were  treated,  all  by  the 
''  simultaneous  method."  Kinderpest  was  not  present  at  the  time  of  the  visit,  but  a 
number  of  animals  had  died  just  previous  to  the  arrival  of  the  inoculators.  The  vir- 
ulent blood  employed  at  this  place  was  a  part  of  that  used  at  Bulalo. 

The  barrio  of  Baco  followed.  At  this  place  38  animals  were  inoculated,  23  by  the 
*'  simultaneous  method  "  and  15  with  serum  alone.  There  w^as  rinderpest  present,  a 
number  of  cattle  showing  either  an  injected  eye  or  an  elevated  temperature.  These 
were  inoculated  with  50  c.  c.  of  serum  each,  no  virulent  blood  being  given.  No 
transportation  was  available  to  the  last-mentioned  village,  so  the  party  was  compelled 
to  walk. 

From  Baco  the  inoculators  proceeded  to  barrio  Canubing.  Considerable  trouble 
was  encountered  here  because  of  the  unwillingness  of  the  people  to  bring  in  the 
animals  for  inoculation,  and  after  this  was  completed  it  w^as  difficult  to  again  see  the 
animals  for  the  purpose  of  taking  temperatures,  etc.  Doctor  81ee  managed  to  inocu- 
late 24  carabaos  by  the  "simultaneous  method"  and  4  w^ith  50  c.  c.  of  serum  alone. 
Kinderpest  in  this  region  is  said  to  have  first  appeared  in  this  barrio. 

After  completing  the  work  at  Baco,  the  party  went  to  Boiidoc,  where  58  animals 
were  inoculated  by  the  "simultaneous  method"  and  3  with  50  c.  c.  each  of  serum. 
Rinderpest  was  also  present  in  this  place  at  the  time  of  inoculation. 

Suqui  was  next  visited,  rinderpest  being  present,  and  33  carabaos  were  inoculated 
by  the  "simultaneous  method." 

After  finishing  at  Suqui,  a  journey  up  the  river  brought  them  to  Tanagan.  At 
this  place  60  animals  were  inoculated  by  the  "simultaneous  method."  Rinderpest 
had  not  appeared  in  this  locality  at  the  time  of  the  inoculation,  and  this  probably 
accounts  for  the  small  percentage  of  deaths  in  this  place. 

Leaving  Tanagan  the  veterinarians  traveled  on  horseback  to  Siloney,  where  rinder- 
pest was  prevalant.  At  this  place  21  animals  were  inoculated  by  the  "simultaneous 
method"  and  2  with  50  c.  c.  each  of  serum.  Many  difficulties  were  encountered  on 
this  trip,  both  from  the  prevalence  of  rinderpest  and  the  opposition  of  the  people. 

Table  No.  5  shows  the  results  of  the  inoculations. 

Eight  of  the  animals  inoculated  by  the  '* simultaneous  method"  showed  some 
symptoms  of  rinderpest  at  the  time  of  inoculation,  and  all  of  these  subsequently  died. 

Table  No.  5. 


Simultaneous 
method. 


Number 
inoc- 
ulated. 


San  Vicente 

Jolo 

Bulalo 

Baruyan 

Baco.... 

Canubing... 

Bondoc 

Suqui 

Tanagan  . . . 
Siloney 

Total . 
Per  cent 


Deaths. 


8 

4 

7 


37 


Serum. 


Number 

inoc- 
ulated. 


28 


Deatlis. 


a  Five  animals  showed  symptoms  at  time  of  inoculation. 
6  Two  animals  show«'d  symptoms  at  time  of  inoculation. 
oOne  animal  showed  symptoms  at  time  of  inoculation. 


Total. 


33 
38 
42 
28 
38 
29 
62 
33 
60 
53 
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Excluding  tliese  seven  animals,  the  percentage  of  deaths  by  the  sinmltaneoua 
method  was  7.44. 

During  the  month  of  October,  1902,  Veterinary  Burg.  John  (J.  Slee  and  Asst. 
Director  Charles  S.  Sly  inoculated  on  the  island  of  Tablas  20  carabaos  by  the  *'  simul- 
taneous method"  and  70  with  serum  alone.  At  this  time  the  opposition  of  the 
natives  to  the  inoculations  was  very  great.  In  one  instance  half  of  the  animals  were 
driven  into  the  mountains  to  prevent  their  being  seen  by  the  veterinarians. 

The  success  of  this  expedition  was  very  marked.  Those  animals  which  had  been 
inoculated  by  the  "simultaneous  method"  passed  through  numerous  subsequent 
epidemics  without  one  becoming  sick,  while  those  inoculated  with  serum  alone 
remained  well  for  about  live  months,  at  the  end  of  which  time  a  number  contracted 
rinderpest,  although  the  natives  noticed  that  these  animals  appeared  to  suffer  from 
a  milder  type  of  the  disease  than  those  which  liad  not  been  inoculated.  During  the 
tive  months  following  the  inoculations  by  serum  alone  the  latter  passed  througli 
several  epidemics. 

On  March  28,  1903,  a  communication  was  received  from  the  governor  of  Romblon 
requesting  that  inoculators  once  more  be  sent  to  Tal>las  to  inoculate  the  remaining 
animals  in  that  district,  it  having  been  observed  that  nearly  all  the  animals  which 
had  been  driven  into  the  mountains  had  died  of  rinderpest  while  those  that  had 
been  inoculated  by  the  "simultaneous  method"  were  well. 

On  April  15,  190.3,  Veterinary  Surg.  Thomas  M.  Owens,  with  Chief  Inoculator 
Albert  M.  Newby  and  three  assistants,  left  for  Romblon,  arriving  at  Santa  Fe,  Tablas, 
on  April  21. 

On  the  day  following,  in  a  small  barrio  5  miles  from  Santa  Fe,  25  carabao  were 
inoculated,  and  on  the  22d  55  more,  all  by  the  "simultaneous  method."  The  ani- 
mals were  under  observation  for  ten  days,  temperatures  being  taken  daily,  morning 
and  evening.  Sixty-five  per  cent  showed  reactions,  as  demonstrated  by  rise  of  tem- 
perature, etc.     The^  mortalitv  can  be  seen  in  the  accompanying  table. 

On  April  25,  35  carabao  1  mile  from  Looc,  Tablas,  were  treated,  20  by  the  "simul- 
taneous method"  and  14  by  serum  alone.  All  animals  which  received  serum  only 
showed  some  symptoms  of  the  disease  at  the  time  of  inoculation.  On  April  2G  they 
inoculated  21  animals  4  miles  from  Looc,  15  being  carabaos.  Two  received  serum 
only,  and  1  of  these  died.  Nineteen  were  inoculated  by  the  "simultaneous 
method."  Six  cows,  although  showing  some  symptoms  of  the  disease,  were  inocu- 
lated by  the  "simultaneous  method; "  of  these  2  died. 

Between  April  30  and  May  4,  184  carabaos  were  inoculated,  137  by  the  "simulta- 
neous method  "  and  47  with  serum  alone.  The  records  of  all  these  animals  could  not 
be  obtained,  as  they  were  the  property  of  many  different  owners  from  every  section 
around  Looc, 

On  May  5  Owen  and  Newby  inoculated  77  animals  3  miles  from  Looc;  37  of  these 
were  carabaos,  and  received  the  "simultaneous  method."  Forty  cattle  which  were 
badly  infected  were  given  serum  alone.  These  cattle  were  very  wild,  and  no  record 
of  the  results  of  the  inoculations  could  be  obtained. 

On  May  14  the  workers  inoculated  301  animals  in  Alcantra,  Tablas,  243  by  the 
"simultaneous  method"  and  58  with  serum  only.  Ninety -eight  of  these  animals 
were  cattle.     The  animals  were  under  close  observation  for  twelve  days. 

On  May  16  they  inoculated  28  animals  in  Ferrol,  Tablas,  by  the  "simultaneous 
method."  The  temperatures  of  these  animals  were  recorded  daily  and  excellent 
reactions  noted. 

Between  June  8  and  17  470  animals  were  treated  in  Odiongan,  Tablas.  These 
animals  were  free  from  rinderpest,  but  they  were  given  serum  only,  as  virulent 
blood  could  not  be  obtained.  The  serum  given  on  this  occasion  was  of  a  different 
shipment,  and  the  results  were  not  as  satisfactory  as  the  shipments  prior  and  since 
that  time.  Deaths  from  rinderpest  were  reported  as  occurring  thirty-five  days  after 
inoculation.  However,  the  disease  has  made  no  headway  and  has  since  disappeared 
from  that  locality. 

No  more  animals  were  inoculated  during  the  month  of  June,  but  several  hundred 
have  been  treated  since  then  with  excellent  results. 

The  mortality  percentage  is  probably  higher  than  the  appended  table  shows,  but 
as  previously  stated  it  was  almost  impossible  in  certain  localities  to  obtain  subse- 
quent records  of  the  inoculated  animals. 

Between  July  4  and  14  70  carabaos  were  inoculated  at  Odiongan,  40  by  the 
"  simultaneous  method,"  resulting  in  1  death;  30  received  serum  only,  and  6  of  these 
died.     A  neW  shipment  of  serum  was  used  on  this  occasion. 

Between  July  17  to  August  5  136  carabaos  were  treated  at  Despujol,  Tablas,  89  by 
the  "simultaneous  method;"  47  received  serum  only.  No  records  were  taken  of 
these  animals  after  August  9,  as  only  a  small  per  cent  had  been  inoculated  after 
August  1. 
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Table  No.  6. — Inoculations^  island  of  Tablas,  province  of  Eomblon,  by  Doctor  Owens 

and  Mr.  Newby. 


Simultaneous. 

Serum. 

Total. 

Number. 

Deaths. 

Number. 

Deaths. 

Number. 

Deaths. 

80 
214 
243 

19 

3 

80 
325 
301 

28 
540 
136 

3 

Ill 

58 

9 

499 

47 

8 

8 

!             41 
89 

1 

27 

28 

'            68G                  4 
i               0. 51 

724 

35 

1, 410 

39 

1 

Santa  Fe,  Apr.  22, 23 

Looc,  Apr.  24-May  8 

Alcantra,  May  17-21 

Farrole,  May  14 

Odiongan,  June  8-Jnly  11. 
IJespujol,  July  17-Aug.  5. . 

Total 

Per  cent 


On  Ai^ril  25  a  request  was  received  from  a  representative  of  the  General  Tobacco 
Company  requesting  tlie  government  to  send  inoculatora  to  Florida  Blanca  and 
Pagynruan,  a  barrio  of  the  former  pueblo,  Pampanga  Province,  the  report  being  that 
the  animals  were  dying  very  rapidly  from  rinderpest.  It  was  stated  that  rinderpest 
lirst  appeared  about  one  month  before  a  veterinarian  was  dispatched  in  a  lot  of  20 
calves  shipped  from  Manila,  the  disease  subsequently  spreading  over  that  locality  and 
killing  a  great  many  animals. 

Veterinary  8urg.  Harry  Dell,  director  of  animal  industry,  bureau  of  agriculture, 
with  one  inoculator  made  the  trip,  and,  as  can  be  seen  by  the  appended  table,  obtained 
very  successful  results.  «  They  left  Manila  April  29  for  Florida  Blanca,  arriving  the 
same  evening. 

The  first  inoculating  done  was  at  San  Pedro,  a  barrio  of  Florida  Blanca,  where  15 
animals  were  inoculated  by  the  "simultaneous  method,"  and  7  otliers,  showing 
symptoms  of  rinderpest,  were  treated  with  doses  of  serum  varying  from  50  to  80  c.  c. 
each.  On  the  following  day  the  party  proceeded  to  Pagyuruan,  where  they  treated 
58  by  the  "simultaneous  method"  and  6,  which  showed  symptoms  of  rinderpest, 
with  50  c.  c.  each  of  serum  (no  virulent  blood).  On  May  2  they  returned  to  San 
Pedro  and  inoculated  216  by  the  "simultaneous method"  and  3  with  50c.  c.  of  serum 
only. 

The  mortality  in  this  lot  of  animals  was  smaller  than  that  observed  in  any  other 
series  of  inoculations  by  the  "simultaneous  method,"  and  the  results  were  closely 
watched. 

Table  No.  7  shows  the  results  of  the  inoculations  in  Pampanga  Province. 

Table  No.  7. — Pampanga,  Province,  Doctor  Bell. 


Name. 

Simultaneous 
method. 

Serum. 

Total 
inocu- 
lated. 

Number 
inoculated. 

T^^^+u^       Number 
Deaths,   inoculated. 

Deaths, 

San  Pedro 

15 

58 
216 

0 
0 
1 

7 
6 
3 

5 
1 
2 

22 

Pagyuruan 

64 

San  Pedro 

219 

Total                                              

289 

1 

16 

8 

305 

Per  cent                                 .              

0.34 



Telegrams  were  received  from  the  presidente  of  the  provincial  board  of  health  of 
the  province  of  Pangasinan,  stating  that  rinderpest  was  killing  a  great  many  aminals 
in  that  province,  and  requesting  inoculators.  On  June  24,  Chief  Inoculator  Albert 
Newby,  with  three  assistants,  left  for  Dagupan,  arriving  the  same  evenmg,  reporting 
by  telegraph  to  the  governor  of  the  province.  .        <•    t,  •  i 

Investigation  failed  to  show  any  rinderpest  in  that  section  of  the  province,  and 
telegrams  sent  to  different  local  presidentes  showed  that  no  rmderpest  could  be 
found:  so,  having  no  virulent  blood  with  which  to  work,  the  party  returned  to  Manila. 

Word  having  been  received  from  Doctor  Sherman,  of  the  chemical  laboratory  (who 

aThe  thanks  of  the  laboratory  are  due  both  to  Doctor  Bell  and  the  chief  of  the 
bureau  of  agriculture,  Prof.  F.  Larason-Scribner,  for  their  willing  assistance  m  this 
work. 
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was  at  that  time  making  a  trip  through  the  southern  islands  in  search  of  gutta-percha), 
that  rinderpest  was  prevalent  in  Zamboanga,  Veterinary  Surg.  Harry  Dell,  with  two 
inoculators,  left  June  24  on  the  IT.  S.  Army  transport  Seward,  arriving  at  their  desti- 
nation on  the  evening  of  the  29th. 

After  conferring  with  the  military  authorities  it  was  deemed  advisable  to  demon- 
strate the  efficacy  and  harmlessness  of  this  method  of  immunization  upon  the  cara- 
baos  at  the  government  farm  at  San  Ramon. 

At  that  time  there  was  but  1  animal  suffering  from  rinderpest,  although  50  had 
already  succumbed  to  the  disease.  The  beast  appearing  to  be  nearly  dead,  it  was 
necessary  to  bleed  at  once,  which  was  done  by  the  light  of  a  single  candle. 

Returning  to  San  Ramon  the  following  day,  all  the  animals— 8  in  number — 
were  inoculated.  After  completing  the  work  the  party  returned  to  Zamboanga, 
leaving  one  inoculator  to  take  temperatures  and  note  reactions.  Sometime  was 
then  spent  searching  for  sick  animals  in  order  to  obtain  virulent  blood  for  other 
inoculations,  but  none  w^ere  to  be  found.  There  were  no  deaths  resulting  from  the 
inoculations  at  the  San  Ramon  farm. 

Finding  that,  from  the  inability  to  obtain  virul'mt  blood,  he  would  be  unable  to  do 
any  more  inoculating,  Doctor  Dell  returned  to  Manila,  arriving  July  20. 

Numerous  telegrams  having  been  received  from  the  governor  of  Tarlac,  statingthe 
rinderpest  was  killing  a  large  number  of  animals  in  that  province  and  requesting 
that  assistance  be  furnished,  Dr.  H.  Dell,  with  three  assistants,  left  for  Tarlac  on  the 
morning  of  August  3,  arriving  the  same  evening. 

Only  I  sick  animal  could  be  found  and  this  had  nearly  recovered  from  the  dis- 
ease. Finding  it  to  be  impossible  to  obtain  virulent  blood  in  the  neighborhood  and 
believing  that  similar  trouble  would  very  likely  arise  in  the  future,  it  was  decided  to 
ship  virulent  blood  to  Doctor  Dell  from  the  laboratory.  This  was  done  not  only  to 
supply  the  inoculators  with  virulent  blood,  which  they  could  not  obtain  in  Tarlac, 
but  also  to  serve  as  a  basis  for  future  work. 

The  results  were  not  all  that  could  be  desired,  as  but  a  small  percentage  of  the 
animals  inoculated  with  the  blood  showed  a  reaction. 

There  was  no  ice  chest  on  the  train,  which  did  not  arrive  in  Tarlac  until  late  in 
the  evening,  thus  preventing  any  inoculations  until  the  following  day.  This  sub- 
jected the  blood  to  conditions  which  would  very  rapidly  destroy  its  virulency  an  1 
is  probably  the  reason  why  a  higher  percentage  of  reactions  were  not  obtained. 

On  August  5,  in  Tarlac  and  its  barrio,  San  Isidro,  62  carabaos  were  inoculated  hv 
the  ** simultaneous  method,"  with  no  deaths  resulting  therefrom.  On  August  10, 
69  animals  were  inoculated  at  Tihag  by  the  "simultaneous  method,"  using  a  second 
shipment  of  virulent  blood.  This  lot  of  blood  was  subjected  to  the  same  conditions 
in  shipment  as  the  first,  and  the  results  following  the  inoculations  were  the  same  in 
both  cases. 

Table  No.  8, — Inoculations^  province  of  Tarlac,  Doctor  Dell, 

Number  inoculated,  simultaneous  method: 

Tarlac  and  San  Isidro,  August  5-8 62 

Tibag,  August  10-13 69 

Total 131 

The  government  having  made  a  contract  for  the  purchase  of  carabaos  in  Shanghai, 
for  restocking  the  islands,  which  have  been  nearly  depleted  by  rinderpest,  Asst. 
Director  Charles  S.  Sly  was  ordered  to  Shanghai  to  superintend  the  immunization 
of  the  animals  against  rinderpest.  The  immunization  was  done  by  Messrs.  Keylock 
and  Pratt,  the  contractors,  who  prepared  their  own  serum. 

Finding  that  the  mortality  following  the  inoculations  was  very  high,  orders  were 
received  to  ship  some  Manila  serum  to  Shanghai.  The  results  obtained  with  the 
Manila  serum  is  but  little  better  than  that  obtained  with  the  serum  prepared  in 
Shanghai,  which  is  easily  explained  when  the  conditions  under  which  the  inocula- 
tions were  undertaken  are  known.  The  animals  are  purchased  139  miles  up  the 
river  and  brought  down  in  junks  to  Shanghai  for  immunization,  being  subjected  to 
excessive  heat  during  this  time. 

During  the  trip  from  2  to  3  per  cent  die  from  the  effects  of  overcrowding  and 
exposure,  while  upon  arrival  aoout  1  per  cent  show  symptoms  of  rinderpest.  It  will 
readily  be  seen  that  animals  in  this  condition  will  not  be  able  to  withstand  the  reac- 
tion following  the  ''simultaneous  inoculation,"  and  that  under  such  circumstances  a 
high  death  rate  is  to  be  expected.  In  striving  to  find  the  dose  of  serum  which  would 
give  the  smallest  death  rate,  it  was  found  that  just  as  good  results  could  be  obtained 
with  40  c.  c.  as  with  100  c.  c,  which  makes  it  appear  that  other  conditions  were  the 
main  factors  in  producing  the  high  mortality  percentage. 
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Table  No.  9  shows  the  results  of  animals  inoculated  in  Shanghai  up  to  July  16 
with  the  Shanghai  and  Manila  serum: 

Table  No.  9. — Inoculation  (jovernment  carabao,  Shanghai,  China,  July  11  to  July  18, 1903, 

KEYLOCK  &  PRATT  SERUM. 


Date. 

Nuinber  in- 
oculated . 

Number 
deaths. 

Total  in- 
oculated. 

Total 
deaths. 

June  11 

73 
32 
11 

7 
G 
8 

];^                                                                                                

14 

17 

i 

21                                              .                           .... 

27                                        

Total            

137 

70  1               137 

70 

MANILA  SERUM. 

42 

18 
95 
54 
101 

27 

11 

5 
1 
1 

28 

July    ()                                                                           ■   -  - 

7                                                                                    -   -  - 

14                                                                       

16                                                                

Total          

337 

23 

337 
474 

23 

93 

i 

A  large  number  of  animals  have  been  inoculated  since  this  date,  but  the  reports 
are  very  incomplete,  so  will  not  be  entered  in  the  table.  The  mortahty  is  about  40 
per  cent 

Table  No.  10  gives  a  summary  of  all  provincial  inoculations  done  from  January  1 
to  September  1,  1903,  and  the  results. 

Table  No.  lO.Summary  of  rinderpest  inoculations  in  the  provinces,    January   1  to 

August  31,  1903, 


Simultaneo".s. 

Serum. 

Total.- 

Place. 

Number. 

Deaths. 

Number. 

Deaths. 

Number. 

Deaths. 

Inland  of  Mindoro 

388 
686 
289 

37 
4 
1 

28 

724 

16 

8 

5 

35 

8 

416 

1,410 

305 

8 
131 

42 

Island  of  Tablas 

39 

Provinop  of  PamDaiiETii                          

9 

131 

Total                     

1,494 

42 

776 

48 

2, 270 

90 

2.8 

6.1 

VACCINE 

VIRUS. 

The  preparation  of  vaccine  virus  in  the  Tropics  is  one  of  great  diiBculty,  not  only 
from  the  intense  heat,  which,  unless  great  care  is  taken,  will  produce  a  marked 
decrease  in  the  strength  of  the  virus,  but  also  from  the  large  number  of  diseases  with 
which  we  have  to  contend.  The  calves  required  were  obtained  in  Hongkong,  the 
maioritv  of  the  cattle  formerly  on  the  islands  having  died  from  rinderpest. 

The  animals  are  shipped  to  Manila  in  lots  of  20  to  25,  and  in  nearly  every  instance 
upon  arrival  a  number  show  rinderpest  in  its  first  stages.         ^  ^^ 

It  was  the  intention  at  first  to  immunize  the  calves  by  the    simultaneous  method, 
but  as  so  many  of  them  develop  the  disease  within  one  or  two  days  after  arrival 
this  was  discontinued,  and  all  are  inoculated  upon  their  arrival  with  50  c  c.  of  anti- 
rinderpest  serum  and  later  with  sufficient  virulent  blood  (10  to  20  c.  c.)  to  obtain  a 

^^It  has'been  noticed  that  nearly  all  the  calves,  even  though  appearing  to  be  in  the 
best  of  health,  show  an  elevation  of  temperature,  sometimes  as  high  as  41    0.,  upon 
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arrival.  Whether  this  is  due  to  the  exposure  on  the  trip  across  the  China  Sea  and 
to  the  change  in  water,  food,  and  chmate  it  is  impossible  to  say,  but  it  is  sufficiently 
marked  in  nearly  all  that  we  are  unable  to  use  the  animals  for  the  preparation  of 
the  virus  until  they  have  been  here  for  about  ten  days. 

The  method  of  immunization  described  above  has  been  found  to  be  the  most  suc- 
cessful. If  the  calf  has  been  inoculated  by  the  "simultaneous  method"  and  a 
marked  reaction  obtained,  it  could  not  be  vaccinated  for  about  three  weeks,  but  if  it 
was  given  serum  alone  the  high  temperature  noted  above  drops  to  normal  in  a 
few  days,  and  in  a  week's  time  the  animal  could  be  safely  vaccinated.  By  this 
method  there  was  no  necessity  of  waiting  until  it  had  recovered  from  the  debility 
which  very  often  follows  inoculation  by  the  "simultaneous  method,"  and  the  mor- 
tality has  been  reduced  to  a  minimiuu;  nearly  all  the  deaths  occurring  from  rinder- 
pest since  this  method  has  been  in  frse  have  been  in  tiiose  animals  showing  the  dis- 
ease upon  arrival  or  developing  it  one  or  two  days  afterwards. 

A  large  number  of  the  calves  have  foot-and-mouth  disease  upon  arrival,  and  it  is 
found  necessary  to  put  tliese  in  the  quarantine  stable  for  treatment.  Very  few  ani- 
mals die  from  this  disease,  and  the  ones  which  do  apparently  have  been  infected  for 
some  time. 

No  cases  of  tuberculosis  have  been  observed  in  the  calves  purchased,  and  the  city 
veterinarians  inform  me  that  they  have  never  seen  a  case  in  the  islands.  This  niay 
partially  be  accounted  for  by  the  fact  that  the  cattle  are  very  seldom  housed,  being 
allowed  to  roam  at  will. 

During  the  hot  season  it  was  found  necessar}^  to  concentrate  the  virus  which  was 
to  be  used  for  vaccinating  the  calves  and  to  decrease  the  area  scarified  to  nearly  one- 
half  that  feasible  in  the  cooler  months;  but  even  with  these  alterations  in  technique 
the  results  while  high  temperature  prevailed  were  not  as  good  as  could  be  desired. 

Arrangements  are  being  made  whereby  the  vaccine  stalls  attached  to  the  new  lab- 
oratory can  be  kept  cool  in  all  seasons  of  the  year.  It  is  believed  that  this  will  not 
only  prevent  the  shrinkage  in  yield,  but  will  also  tend  to  greatly  increase  the  strength 
of  the  virus. 

A  series  of  experiments  were  undertaken  to  see  if  a  new  stock  of  vaccine  virus 
could  not  be  obtained  from  a  case  of  smallpox.  The  experiments  are  not  com- 
pleted, but  the  results  so  far  would  lead  me  to  think  that  new  stock  can  be  prepared 
by  successive  passages  through  monkeys. 

A  calf  and  monkey  were  vaccinated  with  lymph  taken  from  three  vescicles  of  a 
well-marked  case  of  smallpox  in  the  vesicular  stage. 

The  calf  never  showed  any  local  reaction  that  was  observable. 

The  monkey  showed  nothing  until  the  fourth  day,  at  which  time  a  slight  indura- 
tion was  noticed  in  the  vaccinated  area.  On  the  fifth  day  this  was  more  apparent, 
but  there  were  no  signs  of  papules  or  vesicles.  On  the  sixth  day  the  induration 
was  very  marked,  but  still  no  papules  or  vesicles.  A  portion  of  the  indurated  area 
was  removed  on  the  eighth  day  and  macerated  with  a  60  percent  solution  of  glycerin 
in  water  (virus  "A  1 " ).     There  was  no  general  eruption  observable. 

With  virus  "A  1,"  a  calf  and  monkey  were  vaccinated.  As  in  the  preceding 
experiment  the  calf  failed  to  show  any  local  reaction. 

Four  days  after  the  monkey  was  vaccinated  there  was  noticeable  a  slight  indura- 
tion, becoming  more  marked  during  the  following  forty-eight  hours,  at  which  time 
there  was  noticed  a  few  papules  scattered  over  the  vaccinated  area  and  in  the  skin 
for  several  centimeters  surrounding  During  the  following  twenty-four  hours  these 
assumed  a  vesicular  appearance,  but  were  very  small.  The  scarified  area  was 
markedly  indurated.  These  vesicles  were  allowed  to  remain  two  days,  and  were 
then  collected  (virus  "A  2  " )  and  the  virus  prepared  as  before.  At  the  time  of  col- 
lection the  vesicles  were  well  filled  and  about  the  size  of  a  grain  of  wheat.  The 
induration  was  not  so  marked  as  in  the  first  monkey.  A  few  scattered  vesicles  were 
to  be  found  5  or  6  cm.  from  the  margin  of  the  vaccinated  area.  After  collection 
there  was  seen  to  be  a  hard  indurated  mass,  which,  from  the  pressure  used  in  collect- 
ing the  virus,  appeared  to  have  become  separated  from  the  surrounding  tissues.  This 
mass  was  not  removed  at  the  time  and  there  was  no  subsequent  sloughing. 

Virus  "A  2"  was  used  to  vaccinate  a  monkey  and  calf.  As  in  the  preceding 
experiment  the  calf  failed  to  show  any  local  reaction. 

The  monkey  after  four  days  showed  some  induration  over  the  vaccinated  area.  It 
was  noticed  in  this  case  that  the  induration  appeared  earlier  than  in  the  preceding 
monkeys  and  was  not  so  marked  at  any  stage.  On  the  sixth  day  distinct  papules 
were  noticed  scattered  over  the  vaccinated  area.  These  papules  were  larger  and 
somewhat  more  numerous  than  those  noticed  on  the  preceding  monkey.  Two  days 
later  these  had  developed  into  vescicles  which  were  larger  than  those  previously 
seen  with  this  strain  of  virus.  The  virus  ("A3")  was  collected  on  the  eighth  day 
and  prepared  as  usual. 
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Virus  ''A3"  was  used  to  vaccinate  a  calf  and  monkey.  In  this  calf  there  appeared 
to  be  a  thickening  of  the  skin  on  the  fifth  day,  but  nothing  very  distinct,  and  if 
such  changes  were  present  they  disappeared  very  rapidly. 

The  monkey  showed  numerous  papules  scattered  over  the  vaccinated  area  on  the 
fourth  day.  The  induration  was  sUght  as  compared  with  the  previous  one.  By  the 
sixth  day  the  vesicles  were  fairly  thick,  although  small.  The  virus  "A  4"  was  col- 
lected on  the  eighth  day,  at  which  time  the  vesicles  were  much  larger  than  those 
previously  seen. 

Virus  ''A  4  "  was  used  to  vaccinate  a  calf  and  a  monkey. 

This  calf  was  vaccinated  by  two  methods,  viz,  first,  a  scarification  was  made  along 
one  side  of  the  linea-alba  and  the  virus  rubbed  in;  second,  with  a  hypodermic  needle 
filled  with  the  virus;  very  superficial  punctures  Avere  made  and  a  small  amount  of  the 
virus  forced  into  the  deeper  layers  of  the  skin. 

Some  induration  was  noticeable  on  the  third  day,  and  on  the  following  day  a  few 
papules  were  to  be  seen  scattered  over  the  sites  of  the  inoculations.  By  the  fifth 
day  these  had  developed  into  w^ell-marked  vesicles.  The  vesicles  were  unevenly 
distributed  over  the  vaccinated  area,  and  there  was  considerable  swelling  in  the 
spots  where  the  virus  had  been  injected  with  the  hypodermic  needle;  these  after- 
wards terminated  in  abscesses. 

The  virus  ''A  6  "  was  collected  from  the  scarification  on  the  sixth  day.  At  the 
time  of  collection  the  vesicles  were  well  filled  and  about  the  size  of  a  bean.  On  the 
following  day  the  virus  over  the  ''insertion  area"  was  collected.  These  vesicles 
were  consideral)ly  larger  tlian  those  seen  on  the  scarified  area,  although  on  the  day 
previous  they  appeared  smaller. 

The  monkey  vaccinated  with  virus  '*A  4"  presented  about  the  same  appearance 
as  the  one  from  wdiich  virus  ."A  4"  was  obtained,  with  the  exception  that  the 
vesicles  were  more  numerous.  The  virus  "A  5"  was  collected  on  the  eighth  day 
and  prepared  as  usual. 

Virus  "A6"  was  used  to  vaccinate  a  calf  and  monkey,  and  in  both  animals  the 
results  were  indistinguishable  from  those  obtained  with  the  regular  vaccine  virus. 

As  can  be  seen  from  this  series  of  experiments,  no  results  were  obtained  by  vacci- 
nating calves  witli  smallpox  until  it  had  been  passed  through  four  monkeys.  The  calf 
vaccinated  with  virus  whicli  had  been  passed  through  four  monkeys  gave  only  fair 
results,  but  the  virus  then  obtained  ga-^  e  excellent  results  when  subsequently  used 
upon  other  calves,  in  fact  ^ives  larger  vesicles. 

This  virus  was  tried  on  employees  of  the  laboratory,  but  as  all  showed  scars  follow- 
ing previous  successful  vaccinations  no  results  were  to  be  expected.  It  has  not  yet 
been  tried  for  first  vaccinations.  In  vaccinating  a  calf  the  following  method  is  used: 
The  part  beginning  al)out  the  level  of  the  tenth  rib  and  to  the  perineum,  and  extend- 
ing about  30  cm.  either  side  of  the  median  line,  is  first  thoroughly  scrubbed  with 
soap  and  water  and  shaved.  After  shaving  it  is  again  scrubbed  with  soap  and  water, 
rubbing  with  the  hands  onlv.  The  surface  is  then  sterilized  with  a  3  per  cent  solu- 
tion of  carbolic  acid,  alcohol,  and  water  used  in  the  order  named,  care  being  taken 
that  all  the  acid  and  alcoliol  are  removed  with  sterile  distilled  water.  The  parts 
are  covered  with  sterile  gauze  until  the  operation  begins. 

Beginning  about  1.5  to  20  cm.  above  the  umbilicus  and  6  to  10  cm.  to  the  outer 
side  of  the  median  line,  longitudinal  scarifications  are  made  extending  into  the  peri- 
neum. The  virus  is  then  rubbed  in  with  a  sterile  brush,  after  which  the  surface  is 
further  scarified  bv  making  lines  perpendicular  to  the  first. 

If  the  calf  is  large  two  series  may  be  made  on  the  same  side.     After  scarification 

the  parts  are  covered  bv  sterile  gauze,  the  gauze  being  kept  in  place  by  an  abdominal 

bandage  having  bands  which  fasten  over  the  back.     If  a  male  calf  the  gauze  should 

be  changed  twice  a  dav,  or  as  often  as  soiled.  .      .      ^u 

The  virus  is  collected  when  the  vesicle  is  "ripe,"  generally  about  the  fourth  or 

fifth  day.  .mi-  j.-n  a 

In  collecting  the  virus  the  abdomen  is  first  washed  with  warm,  sterile  distUlea 
water  until  the  parts  are  thoroughlv  softened.  It  is  then  washed  with  a  soap  solu- 
tion, gently  rubbing  with  a  soft  brush  to  remove  the  desquamated  epithelium. 
After  this  a  3  per  c^ent  solution  of  carbolic  acid  is  ahowed  to  flow  over  the  parts  this 
being  removed  with  sterile  distilled  water.  The  virus  is  then  collected  and  put  m  a 
previously  weighed  sterile  Petri  dish  and  again  reweighed.      ^  ^        -^  v 

The  virus  is  then  passed  and  repassed  through  a  vaccine  mixer  and,  as  it  becomes 
more  finely  macerated,  four  times  its  weight  of  a  solution  containing  60  per  cent  ot 
glycerin  is  added  verv  gradually  until  the  whole  is  thoroughly  mixed,  io  test  it  a 
platinum  loop  full  of  the  mixture  is  added  to  a  test-tube  containing  about  20  c.  c.  ot 
distilled  water  and  thoroughly  shaken;  if  any  large  particles  are  to  be  seen  alter 
thoroughly  shaking,  it  should  be  repassed  through  the  machine  and  again  retested, 
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The  virus  is  then  drawn  up  into  sterile  capillary  tul)es  and  the  ends  sealed  in  a 
name  or  placed  in  sterile  vials  holding  100  doses  each. 

Table  No.  11  shows  the  number  of  calves  bought,  cjdves  vaccinated,  number  from 
which  virus  was  collected,  and  the  number  of  doses  prepared  during  tlie  period  cov- 
ered by  this  report. 

Table  No.  11, — Calves  bought  and  vaccinated  and  vaccine  prepared  and  is.med. 


Month. 


January.. 
February 
March  ... 

April 

May 

June 

July 

August... 


Bought. 


12 
49 
52 
57 
0 
25 
27 
a  24 


Total. 


Vacci- 
nated, 


(X>llected 
from — 


164 


Prepared. 


144,888 
202,410 

93,700 
339, 700 

20, 800 

32,000 
100, 900 

49,400 


983, 298 


Issued 
board  of 
health. 


145, 825 
158, 805 
122, 645 
240,  (500 
100,000 
49,000 
79,800 
43, 280 


939,955 


Issued  lab- 
oratory. 


3,800 
5,400 
7,800 
6,000 
1,800 
5,400 
7,200 
2,400 


39,800 


a  In  the  month  of  August,  18  vaccine  calves  were  traded  for  new  ones. 

To  board  of  health 939,955 

To  serum  laboratory 39  ^qq 

979,  755 
Prepared 983,298 


Balance 3  543 

It  will  be  noticed  that  there  is  quite  a  discrepancv  l)etween  tlie  number  of  calves 
vaccinated  aiKlthe  number  from  which  the  virus  was  collected.  This  was  caused 
by  the  appearance  of  foot-and-mouth  disease  among  the  calves  after  they  had  been 
vaccinated;  also  in  a  few  instances  by  the  development  of  rinderpest. 

PLAGUE    PROPHYLACTIC. 

The  preparation  of  a  plague  prophylactic  was  begun  during  the  year  1902.  It  was 
the  intention  at  that  time  to  prepare  Haffkeine's  prophylactic,  but  the  board  of  health, 
learning  that  the  Indian  government  was  having  considerable  trouble  as  a  result  of 
some  very  severe  .local  reactions,  decided  that  it  would  be  preferable  to  use  some 
other  prophylactic  which  would  not  cause  this  troul)le.  For  this  reason  "Shiga's 
method ''  of  preparing  plague  prophylactic  was  used  instead. 

A  fresh  culture  obtained  by  passage  through  a  guinea-pig  or  monkey  was  used. 
The  culture  media  consisted  of  ordinary  agar  in  test  tubes  25  mm.  in  diameter.  In 
making  cultures,  a  heavy  platinum  wire,  the  end  of  which  is  wound  into  a  flat  coil 
about  15  to  18  mm.  in  diameter,  is  used.  The  cultures  were  allowed  to  remain  in  the 
incubator  for  forty-eight  hours,  at  a  temperature  of  about  82°  C. 

The  bacilli  were  scraped  off  the  agar  at  the  end  of  this  time  by  means  of  a  large 
flattened  platinum  wdre,  the  end  of  which  had  been  bent  at  right  angles.  The  bacilli 
were  transferred  to  a  glass  mortar  which  had  previously  been  sterilized  for  two  to 
three  hours  at  a  temperature  of  about  180°  0.  Before  sterilizing,  the  mortar  was 
accurately  weighed  and  again  reweighed  after  the  addition  of  the  bacilli.  To  over- 
come any  error  m  calculation  due  to  agar  being  present  with  the  bacilli  when  it  was 
reweighed,  the  following  steps  were  taken:  Two  sterile  flasks,  one  empty  and  the 
other  filled  with  a  0.9  per  cent  solution  of  sodium  chloride,  are  accurately  weighed. 
Then  with  a  sterile  pestle  the  saline  solution  is  gradually  and  thoroughly  mixed  with 
the  bacilli  until  the  glutinous  appearance  has  disappeared  and  an  even  emulsion  has 
been  formed.  This  is  then  passed  through  a  very  fine  meshed  wire  strainer  (to 
remove  all  the  agar)  and  into  the  sterile  empty  flasks,  care  being  taken  to  remove 
all  the  bacilli  by  means  of  fresh  saline  solution.  Both  flasks  are  then  reweighed.  The 
difference  in  weight  of  the  flask  originally  containing  the  solution  shows  the 
amount  added  to  the  bacilli  and  now  in  the  other  flask.  The  difference  in  weight  of 
the  other  flask,  above  that  of  the  solution  added,  shows  the  actual  weight  of  the 
bacilli  present. 

After  finding  the  amount  of  the  bacilli  present  the  flask  is  placed  in  a  water  bath, 
and  the  water  brought  to  a  temperature  of  60°  C.  and  held  at  that  temperature  for 
thirty  minutes. 
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After  sterilization,  the  weight  of  the  bacilli  being  known,  the  aniount  of  sodium 
chloride  solution  required  to  be  added  so  that  1  c.  c.  shall  contain  0.006  gram  is 
then  found,  10  per  cent  is  deducted,  and  this  is  replaced  by  a  5  per  cent  solution  of 
carbolic  acid. 

After  preparation  and  before  distribution,  cultures  are  made  and  one  or  more 
animals  are  inoculated  to  make  sure  that  the  prophylactic  is  sterile. 

Table  No.  12  shows  the  amount  of  the  prophylactic  prepared  and  the  amount 
delivered  to  the  board  of  health  from  January  1  to  September  1,  1903. 

Table  No.  l2.~~Plague  prophylactic. 


Month. 


February . 

March 

April 

May 

June 

July 


Total . 


Number 
cubic  cen- 
timeters 
prepared. 


1,514 
7,160 


8,604 
7,128 
16, 920 


41, 326 


Amount 
distrib- 
uted. 


350 
390 
1,440 
15, 100 
6, 520 
7,556 


31,956 


Balance. 


9,370 


This  prophylactic  has  been  used  almost  entirely  for  the  inoculation  of  the  Chinese 
in  the  ( ity  of  Manila.  Heretofore  the  Chinese  population  has  furnished  about  60 
per  cent  of  the  total  number  of  plague  cases,  but  since  the  inoculating  has  been  in 
force  the  percentage  has  rajndly  decreased. 

According  to  the  board  of  health  reports,  no  case  has  occurred  m  those  who  have 
been  inoculated  twice,  and  but  very  few  in  those  who  have  been  inoculated  once. 
In  several  instances  where  a  house  was  occupied  by  a  number  of  persons  and  all  were 
inoculated  but  one,  the  noninoculated  person  contracted  the  disease,  while  those 
remaining,  though  probably  subjected  to  the  same  exposure  as  this  case  and  being 
in  contact  with  it  until  found  by  the  board  of  health,  were  not  affected. 

No  cases  have  been  reported  in  which  there  have  been  any  bad  results  following 
the  inoculations,  either  local  or  general  in  character. 

ANTIPLAGUE  SERUM. 

Very  little  has  been  done  toward  the  production  of  this  serum.  While  we  have 
four  horses  on  hand  at  present  for  its  production,  the  large  amount  of  work  caused 
by  the  increased  demand  for  vaccine  virus,  the  preparation  of  antirmderpest  serum 
and  plague  prophylactic  has  taken  the  entire  time  of  the  small  force  at  the  laboratory. 

Three  methods  are  now  being  used  for  the  preparation  of  this  serum:  First,  inocu- 
lating the  horse  with  the  sterile  bacilli  in  gradually  increasing  doses,  until  7  grams 
are  given  at  one  time,  the  horse  then  being  bled  in  the  usual  manner;  second,  inocu- 
lating with  a  sterile  thirty  days'  old  bouillon  culture  in  gradually  increasing  doses; 
third,  w4th  the  nucleo-proteid  after  Lustig's  method. 

Only  one  horse  has  been  bled  and  this  one  had  been  immunized  with  the  sterile 
bacdlli.  This  animal  was  bled  May  25,  and  the  serum  tested  as  usual.  The  serum 
has  not  yet  been  used  in  sufficient  quantity  to  make  any  statement  as  to  its  etticiency. 


Exhibit  B. 

EEPOET  or  THE  CHEMICAL  LABORATOEY,  PEEPAEED  BY  DE.  P.  L.  SHEEMAN, 

CHEMIST. 

The  details  of  the  routine  work  done  by  the  chemical  laboratory  during  the  past 
year  are  given  in  the  accompanying  tables,  which  show  the  diversity  of  analyses 
undertaken  as  well  as  the  number  of  departments  of  the  Governinent  which  have 
taken  advantage  of  the  opportunity  offered  by  it.  There  is  no  P^^yf^^  assay  oft c^ 
nor  general  analytical  laboratory  in  the  Phihppmes,  and  consequently  the  Comm  s- 
sion  authorized  the  bureau,  by  resolution  dated  December  1  1902,  to  undertake  cus- 
tom analyses  at  a  price  covering  the  cost  of  material  and  work  expended.  As  inigiit 
be  expected,  the  majority  of  the  analyses^  thus  undertaken  were  of  ores  and  natural 
products,  the  values  of  which  it  was  desired  to  know.     Next  m  importance  came 
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physiological  work  for  the  practicing  physicians  of  the  city.  Facilities  for  the  latter 
are  most  necessary,  as  few  physicians  here  are  in  a  position  to  do  this  work  them- 
selves. The  use  of  benzoyl-acetyl  hyperoxide  continued  in  Manila,  more  especially 
on  demand  from  the  board  of  health,  which  used  large  quantities  in  San  Lazaro 
Hospital.  The  results  of  the  work  in  that  institution  will  be  given  in  the  special 
report  of  the  board  of  health.  Table  No.  1  shows  the  amount  of  acetozone  distributed, 
Table  No.  2,  the  routine  work  of  the  laboratory. 

Table  No.  l.-— Acetozone, 


Board  of  health. 

Private  parties. 

Month. 

Crystals, 
grams. 

Capsules. 

Solution  L. 
(1-1000). 

Capsules. 

Solution  L 
(1-1000). 

August 

800 
717 
405 
315 

600 

September 

695 
500 
505 
750 
735 
600 
900 

1,100 
750 
890 
750 

1,100 

October 

November 

December 

January 

210 
235 

February 

March 

120 

30 

April 

May 

89 

140 

June 

. 

July 

89 
276 

101 

August 

Total 

9, 275 

2,682 

720 

484 

241 

Table  No.  2. 


1 
§ 

B 

5 
1 

1 

9 
o  3 

If 

ill 

3 
'p. 

o 

i 

PI 

a 
<v 

a 

9 

1 

1 

1 

1 

1 

1 

H 

0 

1 

"i 

M 

i 

6 
.9 

Alcohols 

Assays 

3 

! 

73 

Beverages 

Celluloid 

1 

Coals 

3 

..... 

Coins 

8 

Criminal  (not  poison) 

Disinfectants 



2 

Feeds 

Flavoring  extracts 

1 
4 

Food  products 

3 

— 

Fertilizers 

3 

Gravels 



Gums,  resins,  etc 

2 

2 



2 

Human  milk 

Lubricants 

1 

i 

Metals  and  allovs 

?1 

r 

Medicines ' 

12 

...... 

1 

] 

Minerals 

R 

4 

Oils 

3 

....      . 

2 

Paints 

22 

1 

Pathological 

.  j  ■  •  • 

Petroleum 

2 

Perfumes 

.... 

Poisons 

1 

Protective  coating 

i 

Seeds 

2 

2 

f 

Soap 

1 

Soil^ 

8 

....|.... 

Textiles 

7 

■ 

Urines 

9 

8 
1 

1 

276 

Waters: 

Mineral 

1 

Potable 

1 

13 

1 

Total 

2 

68 

16 

27 

4 

288 

18 

66 

78  1     ^ 

6 

2 

p, 
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Table  No.  2 — Aceto^one — Continued. 


s 
1 

i 

1 

§ 
i 

B 

1 

1 

CO 

1 

i 

1 

CO 

i 

o   . 

s- 

F 
1 

o 

2 

o 

1 
1 

'3 
1 

3 

Alcohols 

1 

7 
71 

1 

s 

150 

10 

I 

11 
10 
2 
6 

Assays 

3 

1 

Beverages 

i 



Celluloid 

1 

Coals 

5 

1 

2 

j 

.... 

Coins 

j 

Criminal  (not  poison) 

1 

j 

1 

Disinfectants 

j 

Flavoring  extracts 

i 

2 
I 

18 

3 

2 

6 

2 

2 

22 

25 

14 

7 

23 

7 

4 

3 

15 

2 

4 

2 

8 

7 

354 

16 
17 

Food  products 

2 



.... 

Fertilizers 

1 

Gravels 

Gums,  resins,  etc 

1 

Human  milk 

2 

1 

Lubricants 

1 

Metals  and  alloys 

1 



Medicines 

2 

Minerals 

1 

Oils 

1 

Paints 

1 



Pathological 

Petroleum 

2 
3 

1 

Perfumes 

j 

Poisons 

2 

. . . . 

-■•■| 

Protective  coating 

. . . . 

2 



j 

Seeds 

j 

Soap 

1 

So^ls 

*  * "  ■ 

i 

Textiles 

1 

1 

Urines 

68 

.  - . . 

Waters: 

Mineral 

4 

3 
1 

'  i 

Potable 

1  1 

1 

1 

Total 

163 

3 

9 

8 

1 

1 

1 

3 

1 

Although  the  above  shows  the  amount  of  routine  undertaken,  it  does  not  touch 
upon  other  important  work  now  in  progress,  and  begun  with  the  object  of  systemat- 
ically examining,  analyzing,  and  describing  the  raw  products  and  undeveloped  resources 
of  the  islands.  Owing  to  the  heavy  demands  upon  the  time  of  the  chemists  made 
by  analytical  work,  but  one  subject— the  Gutta-Percha  and  Rubber  of  the  Philippine 
Islands— has  been  completed  sufficiently  to  justify  publication.  The  others,  how- 
ever, are  well  under  way,  and  the  amount  accomplished  is  given  below.  The  com- 
pleted researches  will  be  published  during  the  coming  year. 

The  principal  subjects  now  under  investigation  are: 


THE   MINERAL   RESOURCES. 


Considerable  material  available  for  preparing  a  systematic  report  on  the  value  of 
Philippine  ores,  based  upon  actual  assays  and  analyses,  has  been  collected  during 
the  past  year  and  in  large  part  worked  up.  While  some  of  this  material  on  the  min- 
eral resources  has  been  furnished  by  private  parties,  most  of  it  was  collected  by  the 
agents  of  the  St.  Louis  Exposition  Board  for  exhibition  purposes.  The  collection  was 
made  so  as  to  be  as  comprehensive  as  possible  and  to  illustrate  the  distribution  of 
economic  minerals  in  the  islands,  yet  it  must  be  borne  in  mind  that  the  Philippines 
contain  no  mines  at  the  present  time  which  are  really  in  working  condition,  and  the 
samples,  or  more  often  specimens,  were  generally  collected  from  surface  indications 
and  outcroppings,  from  small  native  workings,  old  abandoned  shafts,  and  in  fact 
from  the  best  places  available  where  systematic  prospecting  is  still  lacking  and  even 
explosives  unobtainable. 

Bearing  in  mind  that  the  great  backbone  of  the  Philippines,  from  Luzon  in  the 
north  through  all  of  the  principal  islands  to  Mindanao  in  the  south,  presents  a  great 
variety  of  minerals  throughout  almost  its  entire  length,  the  work  now  in  progress  at 
the  laboratory  is  heing  planned  with  a  view  of  systematically  collecting,  analyzing, 
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and  classifying  the  minerals  of  the  various  provinces  and  islands  from  one  end  of 
the  Archipelago  to  tlie  other.  This  work  will  be  greatly  aided  in  the  future  by  topo- 
graphic and  geologic  surveys.  At  present  the  specimens  collected  froni  tiie  various 
regions  considered  most  promising  are  most  useful  in  indic-ating  the  diversity  of  the 
work  outlined,  and  also  to  some  extent  to  show  tlie  fortune  attending  the  prospectors 
and  miners. 
The  mineralogical  products  so  far  collected  are,  in  brief,  as  follows: 


The  coal  reported  is  all  of  the  black  and  brown  lignite  variety,  the  best  black 
specimens  having  a  heating  capacitv  of  two-thirds  to  three-fourths  of  that  of  Cardiff 
coal.  None  are  coaking,  except  one  from  central  Luzon,  but  as  nearly  all  specimens 
obtained  were  badly  weathered,  due  allowance  nuist  be  made.  The  sulphur  content 
is  small  and  moisture  high.  Samples  were  taken  from  Abra,  Bataan,  Bulacan, 
Morong,  Rizal,  Cagayan,  and  Payabas,  in  Luzon,  and  the  islands  of  Marinduqne, 
Mindoro,  Mindanao,  Cebu,  Masbate,  Panay,  Bataan,  Samar,  and  Negros.  The  black 
lignites  from  Cebu,  Bataan,  and  Negros  are  apparently  the  best.  The  government  is 
now  investigating  the  Bataan  Island  coal  deposits,  and  good  samples  taken  at  a 
depth  w^ill  aid  much  in  determining  the  real  value  of  Philippine  coal,  and  in  all  such 
expeditions  it  is  of  the  greatest  importance  that  the  laboratory  be  furnished  with 
good  samples  of  all  materials  collected,  together  with  data  as  to  their  location  and 
the  conditions  under  which  they  are  obtained.  The  following  table,  No.  3,  gives  the 
analyses  made  at  this  bureau  during  the  past  year  and  shows  the  comparative  merits 
of  the  respective  classes: 

Table  No.  'A.— Coal  analyses,  bureau  of  government  laboratories,  1902-3. 


Locality. 


Philippine  lignites . 


Alpaco,  Cebu 

Danao,  Cebu 

Compostela,  Cebu 

Mount  Uling,  Cebu 

Do 

Zamboanga,  Mindanao. 

Surigao,  Mindanao 

Montalban 

Western  Negros 

Calatrava,  Negro.s 

Kabanklan,  Negros 

Japanese  coal 

Do 

Do 

Australian  coal 

Do 


18.  ,50 
5. 00 

13.  35 
8.96 
8.83 
9.30 

17.30 
4.64 

17.  37 
1.75 

21. 20 

19. 33 

15. 03 
2.38 
2.10 
1.71 
2.00 
2.47 


Volatile 
com- 
pound 
matter. 


37.73 
42.21 
42.20 
35. 11 
35. 10 
39.  24 
44.51 
38.38 
41.80 
38. 19 
40. 80 

32.  37 

33.  50 
38.  27 
38.10 
25. 53 
32.60 
32.15 


Fixed 
Carbon. 


38.10 
49.70 
43.73 
52.92 
52.78 
48.64 
34. 67 

55. 19 
33. 44 
47.87 
31.50 
39.  91 
44.67 
52.  58 
45.  90 
67.  OG 
56. 60 

59. 20 


Ash. 


5.66 
3.08 
.71 
3.00 
3.28 
2.81 
3. 52 
1.78 
7.38 

12.18 
6.  50 
8.39 
6.79 
6.77 

13.90 
5.70 
8.80 
7.17 


0.48 
.52 


Sulphur. 


0.87 
.22 


Phospho- 
rus. 


0.05 


.21 


1.07 
".'22' 


.32 
"*i4 
"."66 


The  gold  ores  are  quartz,  generally  decomposed  and  iron  stained  when  taken  from 
the  surface,  and  pyritic  when  taken  at  even  small  depths  under  ground.  Benguet 
as  a  rule  has  less  sulphur  in  its  ores  than  Lepanto.  The  former  appears  free  milling, 
while  the  latter  are  refractory.  The  gold  values  from  the  assays  made,  range  from 
nothing  up  to  |120  a  ton.  About  one-half  showed  no  value,  while  the  other  half 
averaged  less  than  $5  a  ton. 

Gold-bearing  quartz  has  been  collected  from  Cagayan,  Bontoc,  Lepanto,  Benguet, 
Rizal,  Batangas.  Lagnna,  Bataan,  Pangasinan  and  the  Camarines  in  Luzon,  and 
Panay,  Masbate,'  Mindoro  and  Mindanao.     It  is  also  reported  from  many  other  islands. 


The  majority  of  the  samples  received  were  of  sulphides,  while  the  rest  was  com- 
posed of  metallic;  copper  (Lepanto  and  Masbate),  malachite  (Benguet),  and  chalco- 
pyrite  (Mindoro,  Cagayan).  A  sample  of  copper  glance  from  Lepanto  assayed  80  per 
cent  copper,  and  many  others  were  also  of  high  value.  One  large  deposit  in  Benguet 
assayed  18  per  cent  copper. 
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Although  found  in  all  j<ol(l  and  many  voppin-  f>res,  it  has  so  far  not  been  found  in 
paying  quantities. 


Samples  were  received  from  many  localities  and  in  many  islands,  those  from  the 
hirge  deposit  at  Angat,  Bulacan  province,  proving  the  best.  It  is  a  pure  hematite, 
and  adapted  to  steel  reduction. 


Very  fair  specimens  of  tlie  sulphide  from  Bontoc  (liUzon)  and  .Cebu  have  been 
received. 

SULPnUK. 

Specimens  are  at  hand  from  Bontoc,  Cagayan,  Negros,  Albay,  Batangas,  and  the 
island  of  Biliran. 

LIMESTONE. 

The  best  marble  probably  comes  from  the  island  of  Romblon,  though  present  also 
in  many  other  localities.  Limestone  for  building  and  for  the  manufacture  of  lime  is 
widely  extended  over  Luzon  and  the  islands  of  Panay  and  Mindanao.  Coral  lime- 
stone abounds  on  the  islands  of  the  southern  Philippines  and  Mindoro. 


No  deposits  of  rock  salt  have  so  far  been  reported,  but  salt  springs  are  found  in 
Bontoc,  Ilocos  Norte  and  8ur,  Nueva  Viscaya,  Union  in  Luzon,  and  on  the  islands 
of  Marinduque,  Paragua,  Bohol,  Negros,  Panay,  and  Samar. 


Some  good  kaolin  and  several  varieties  of  clay  samples  have  been  collected  from 
many  localities.     They  include  both  red  and  white  varieties. 

MISCELLANEOUS. 

Metals  of  platinum  group. — Some  eight  samples  have  been  examined,  but  so  far  no 
trace  has  been  found  of  these  metals.  Platinum  is  reported,  on  good  authority,  from 
the  Rio  Grande  Valley,  Mindanao. 

Basalt  is  reported  from  Rizal  (Luzon);  Tufa  in  large  quantities  is  found  in  the 
vicinity  of  Manila,  Laguna,  and  Batangas.  It  is  the  principal  building  stone  used  in 
Manila.  Sandstone,  from  Panay  and  Balabac;  charcoal,  from  Catubig  (Samar); 
stalactites,  from  Capiz  (Panay);  stalagmites,  from  Bontoc;  gneiss,  from  Camarines 
Norte;  diorite,  from  Camarines  and  Rizal;  porphyry,  from  Lepanto. 

MINERAL   WATERS. 

The  following  table,  No.  4,  gives  the  composition  of  the  waters  from  various  parts 
of  the  islands  analyzed  at  the  laboratory  during  the  past  year.  As  will  be  seen, 
only  two  of  the  samples  called  mineral  waters  really  showed  total  solids  in  sufficient 
quantity  to  warrant  the  nanie.  A  more  extended  investigation  is  necessary  to  dis- 
cover if  any  valuable  medicinal  waters  are  found  in  the  islands. 
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Table  No.  i.— Analyses  of  mineral  waters,  bureau  of  government  laboratories,  1902-S. 


Locality. 

Total 
residue. 

Fixed 
residue. 

Free 
am- 
monia 

(NH3). 

Iron 
oxide 

(Fe,03). 

Alu- 
mina 

(ALOa). 

Cal- 
cium 

(CaO). 

Mag- 
nenium 

(MgO). 

Saline  waters: 

San  Miguel,  Camarines              .  . . 

414.00 
450.00 
320.00 
1,447.00 
347.00 
563.00 
294.00 
271. 00 

1,556.00 

355.00 

340.00 

49.30 

308.00 
366.00 

Trace.' 

1.98 
3.83 

0.46 
7.06 

64.  60 
61.20 
71.90 
197.00 
109.00 
141.  40 
71. 10 
87.00 

180.00 

101.00 

85.70 

Trace. 

35.80 

Rued  River  Beneruet 

35. 40 
4.90 

Beneruet 

4.30 

20.90 

17. 30 

Twin  Peaks,  Benguet 

7.10 

5. 50 

Sulphureted  waters: 

3.20 

Twin  Peaks  Benguet 



3.60 



11.90 

Table  water,  Bued  River,  Benguet 

30.00 

Trace. 

(a) 

Locality. 

Sodium 

(Na^O). 

Chlorine 

(CI). 

Silica 

(SiO,). 

Sulphu- 
ric acid 
(H2SO4). 

Carbonic 
acid 
(CO2). 

Hydro- 
gen 
sulphide 

(HaS) 

Saline  waters: 

San  Miguel,  Camarines               

63.20 
40.50 

17.70 
17.70 

128.20 
128. 40 

(a) 

Bued  River,  Benguet   

2.07 

BeuETuet 

1,038.00 

! 

.65 

.96 

Trace. 

Twin  Peaks  Benguet  

Trace. 

4.67 

Sulphureted  waters: 

Bued  River  Bensruet 

460.00 
Trace. 

! 

&12.10 

h  17. 40 

h  7. 32 

Table  water  Bued  River,  Benguet     

Trace. 

CO 

7.97 

Trace. 

a  Small  amount. 
NoTE.—All  figures  are  in  parts  per  million. 


&  Cubic  centimeters  per  liter. 


RESINS,    GUMS,    AND   WOOD   OILS. 

In  a  large  number  of  places  throughout  the  islands  from  Lu  on  to  Mindanao  and 
Paragua  quantities  of  resins  (breas)  have  been  taken  for  many  years,  and  the  supply 
is  far  from  being  exhausted.  Most  of  this  is  the  gum  copal  of  commerce,  though 
some  is  reported  under  the  name  of  dammar  gum.  The  laboratory  is  now  analyzing 
this  and  other  resins,  some  of  which  contain  a  large  percentage  of  essential  oils.  To 
this  latter  class  belong  the  *'  breas  "  or  Pili  gum,  which  is  collected  from  forest  trees 
of  the  genus  Canarium.  A  gum  similar  to  the  gum  chicle  of  Yucatan  has  been  found 
in  several  islands  and  is  now  being  worked  up  with  the  view  of  ascertaining  its  com- 
mercial value.     It  probably  comes  from  a  species  of  Fieus. 

Panao  (w^ood)  oil  is  being  exported  to  some  extent  for  use  as  varnish  oil.  The 
experiments  now  under  way  show  it  to  be  composed  of  an  essential  oil  and  a  large 
amount  of  a  soft  resin.  A  sample  of  manapo  oil  has  been  received  from  Baler,  prov- 
ince of  Principe,  which  is  peculiar  in  that  it  contains  an  apparently  unknown  essen- 
tial oil  in  combination  with  a  white  crystalline  resin. 

Through  the  exposition  board  samples  of  several  hitherto  unreported  resins  and 
two  gums  have  been  collected,  and  their  analysis  is  now  under  way.  The  gums  are 
water  soluble  and  resemble  gum  Senegal  somewhat,  while  the  resins  are  of  various 
colors  and  all  apparently  contain  arromatic  oils.  The  ^' breas"  have  received  the 
greatest  attention,  and  so  far,  two  distinct  varieties  of  white  ''brea"  have  come  to 
the  laboratory.  They  differ  markedly  in  that  one  from  Canarium  luzoniense  contains 
21.18  per  cent  of  pure  pinene,  while  the  other,  the  usual  brea  of  commerce,  contains 
9.3  per  cent  of  phellandrene.  The  results  of  the  present  investigations  on  the  gums 
and  resins  will  be  published  as  a  bulletin  as  soon  as  they  are  completed  sujSiciently 
to  warrant  publication. 

COPRA   AND   COCOANUTS. 

The  copra  and  cocoanut  industry  is  practically  second  to  none  in  the  islands,  and 
the  laboratory  is  now  engaged  in  analyzing  large  numbers  of  nuts  of  all  ages  and  the 
dried  copra  irom  many  localities.     The  various  samples  are  being  worked  over  into 
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copra  and  the  percentage  of  oil,  water,  and  cake  determined.  So  far  the  work  has 
shown  great  variation  in  nuts  from  different  localities  and  even  from  the  same  tree. 
The  quantitive  analyses  will  he  graphically  displayed  at  the  St.  Louis  Exposition. 
It  is  hoped  that  the  analyses  willshed  some  light  on  the  question  of  the  benefit  or 
harm  of  sea  air  and  water  on  the  yield  and  value  of  cocoanut  trees,  as  well  as  the 
variations  in  oil-producing  capacities  between  different  regions. 

TAN    BARKS   AND   DYEWOODS. 

In  connection  with  the  forestry  bureau  the  laboratory  is  now  investigating  some 
200  specimens  of  this  class  of  forest  products  collected  in  Luzon  and  Mindoro. 
Although  some  apparently  good  colors  have  already  been  extracted,  it  is  too  soon  to 
give  an  opinion  as  to  their  real  value.  Some  of  the  tan  barks  are  rich  in  tanning 
principle. 

SOILS. 

In  connection  with  the  bureau  of  agriculture,  the  systematic  analysis  of  soils  from 
the  various  agricultural  centers  for  tobacco,  coffee,  rice,  hemp,  cacao,  cocoanuts,  etc., 
has  been  undertaken.  So  far  samples  of  soils  have  been  received  from  several  of  the 
government  experimental  farms  and  analyses  made.  The  work  of  soil  analysis  while 
in  itself  giving  the  composition  of  individual  soils,  has  not  the  comprehensive  scope 
which  would  be  given  by  a  geologic  survey. 

GUTTA-PEKCHA    AND   RUBBER. 

The  material  for  this  report  was  collected  under  the  direction  of  both  the  bureaus 
of  forestry  and  government  laboratories.  As  early  as  1900  the  attention  of  the 
government  was  called  to  the  fact  that  many  of  the  wild  tribes  in  the  southern  islands 
were  engaged  in  cutting  down  large  numbers  of  forest  trees  in  order  to  secure  the 
gutta-percha  and  rubber  which  they  contained.  These  i)roducts  they  bartered  to 
the  Chinese,  who  in  turn  exported  them  to  Singapore. 

The  matter  was  considered  important  enough  to  demand  investigation,  because— 

1.  The  trees  were  being  cut  down  in  violation  of  forestry  rules. 

2.  No  forestry  dues  were  paid  by  those  ei»ther  collecting  or  exporting  these  forest 
products. 

3.  Judging  from  the  experience  of  the  English  and  Dutch  in  the  Malay  Penmsula, 
Sumatra,  and  Borneo,  it  would  only  be  a  question  of  a  short  time,  if  the  wild^  tribes 
were  allowed  to  have  their  own  way,  when  there  would  not  be  one  tree  of  this  class 
left  standing  in  the  Philippines. 

Unfortunately  there  was  no  information  at  hand  on  the  subject.  In  June,  1901,  I 
was  sent  as  a  special  agent  of  the  forestry  bureau  to  Singapore,  the  Malay  Federated 
States,  and  Java  to  stiidy  the  laws  and  conditions  there  under  which  these  forest 
products  were  grown,  collected,  and  marketed. 

Provided  with  the  information  thus  gathered,  and  which  is  detailed  below,  upon 
my  return  to  Manila,  four  months  later,  I  was  again  sent  to  the  southern  Philippines 
to  repeat  my  investigations,  and  as  before  to  make  collections  of  herbarium  material 
and  samples  of  the  various  kinds  and  grades  of  gutta-percha  and  rubber  found  there. 

This  first  southern  trip  consumed  several  months,  for  while  specimens  of  market- 
able gutta-percha  and  rubber  could  be  secured  in  the  principal  towns,  all  herbarium 
material  and  gums  from  each  tree  species  had  to  be  taken  personally  to  avoid  all  - 
sources  of  error. 

The  trips  along  the  coasts  and  rivers  of  many  of  the  islands  were  made  m  small 
native  sail.and  row  boats,  and  the  journeys  into  the  iorestsof  the  interior  were  done 
on  foot  with  native  guides  and  carriers.  The  native  gum  collectors  themselves,  their 
method  of  felling  the  trees  and  vines,  securing  the  gutta-percha  and  rubber,  prepar- 
ing the  same  for  market,  the  prices  they  received  both  in  money  and  barter,  were 
thus  seen  at  first  hand,  and  of  course  opportunity  secured  for  making  herbarium  col- 
lections of  the  various  species  of  trees  and  vines  yielding  gutta-percha  and  rubber. 
In  the  principal  towns  the  market  conditions  of  supply,  demand,  prices,  etc.,  were 
studied. 

Upon  my  return  to  Manila  I  was  ordered  transferred  to  the  bureau  of  government 
laboratories,  in  order  that  all  specimens  collected  might  be  tested  chemically  and 
physically  so  as  to  determine  their  relative  values.  This  analytical  work,  as  well  as 
several  subsequent  trips  to  the  southern  islands,  Paragua,  Mindoro,  and  Culion,  in 
search  of  new  material,  has  been  carried  out  and  is  here  reported. 

The  identification  of  the  various  species  of  gutta-percha  and  rubber  trees  and  vines 
was  kindly  undertaken  by  Mr.  E.  D.  Merrill,  botanist  for  the  bureau,  who  also 
assisted  greatly  in  collecting  herbarium  material  in  Mindoro  and  Culion. 
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Like  many  other  commercial  products  coming  from  oriental  lands,  the  date  of  the 
discovery  of  gutta-percha  is  lost  in  oriental  history.  The  famous  Tradescant  Broth- 
ers, in  1656,  exhibited  in  their  museum  of  curiosities,  in  London,  apiece  of  gutta- 
percha which  they  had  secured  in  the  Far  East.  Also  in  1842,  Dr.  William  Mont- 
gomery, an  English  surgeon,  saw  whips  and  other  articles  of  gutta-percha  in  use 
by  the  natives  of  Singapore.  It  is  therefore  safe  to  assume  that  the  real  discovery 
of  this  remarkable  substance  was  made  at  some  time  previous  to  either  of  these 
dates. 

The  western,  or  commercial,  discovery  of  gutta-percha  was  delayed  until  1843,  when 
both  Doctors  Montgomery  and  D' Almeide  sent  specimens  of  the  gums  and  leaves  of 
the  tree  to  I^ondon.  While  the  specimens  of  D'Ahiieide  Avere  neglected,  those  of 
Montgomery  received  enough  attention  from  the  scientists  of  the  Koyal  Society  of 
Arts  to  demonstrate  some  of  tlie  uses  to  which  the  substance  might  be  put.  The 
botanists  agreed  that  the  tree  belonged  to  the  family  Sapotace^e,  but  as  neither 
flowers  or  fruit  were  at  hand  they  could  go  no  further  with  the  identification. 

In  1847  ttie  greatest  advance  was  made  toward  the  utilization  of  gutta-percha. 
Considerable  amounts  had  from  time  to  time  been  shipx:>ed  to  London,  and  experi- 
ments were  made  to  determine  its  physical  and  chemical  characteristics.  Luckily  a 
sample  fell  into  the  hands  of  a  young  German  artillery  lieutenant,  Werner  von  Sie- 
mens, who  was  then  experimenting  with  insulating  material  for  subterranean  and 
submarine  telegraphic  cables.  The  ease  with  which  gutta-percha  lent  itself  to  this 
object,  and  the  high  efficiency  obtained,  induced  liim  to  construct  a  machine  for 
insulating  cables.  The  method  he  adopted,  as  well  as  the  kind  of  machinery,  has, 
with  few  modifications,  been  in  use  ever  since  then. 

The  subsequent  history  of  gutta-percha  runs  parallel  with  that  of  submarine  and 
sul>terranean  electric  cables,  for  three-fourths  of  all  the  gutta-percha  i)roduced  has 
been  used  on  them.  With  the  construction  of  the  great  trans-Atlantic  cables  in  the 
sixties  and  seventies  of  the  past  century,  the  demand  for  gutta-percha  became  enor- 
mous, and  the  details  of  its  value  and  ready  market  traveled  all  over  this  part  of  the 
Orient. 

When  the  Malay  Peninsula,  adjacent  to  Singax)ore,  failed  to  supply  sufficient  quan- 
tities to  meet  the  demand,  the  nearby  islands  of  the  Rhio  Archipelago  and  Sumatra 
were  invaded,  and  rich  finds  made.  Finally  Borneo  was  included  in  the  producing 
zone  and  lastly  the  Philippines. 

At  what  date  the  Philippines  began  to  export  futta-percha  to  Singapore,  the  center 
of  the  gutta-percha  trade,  can  not  be  learned  with  cmy  degree  of  certainty.  Probably 
twenty  years  ago  varying  quantities  were  exported,  but  apparently  the  trade  died  out, 
owing,  it  is  said,  to  the  wholesale  adulterations  practiced  by  the  Chinese  exporters 
and  the  prohibitory  laws  of  the  Spanish  Government.  For  the  last  ten  years 
prior  to  the  American  occupation  of  the  islands  but  little  had  been  exported,  though 
the  collecting  and  exporting  began  very  soon  afterwards  and  increased  at  oiK^e  to 
large  proportions. 

BOTANICAL. 

In  the  year  in  which  Von  Siemens  made  his  great  discovery  of  the  insulating  value 
of  gutta-percha  for  submarine  cables.  Sir  Joseph  Hooker,  Bentham,  and  others  worked 
out  the  status  of  the  gutta-percha  tree.  From  tlie  first  Gpecimen  of  leaves  wdiich  had 
been  sent  to  England  several  years  previously  it  was  seen  that  it  belonged  to  the 
natural  family  of  Sapotacese.  The  many  species  of  this  family  are  scattered  over  the 
tropical  and  semitropical  world,  and  are  distinguished  by  the  curious  property  they 
all  possess  of  secreting  a  milk  or  latex  in  the  inner  layers  of  the  bark.  When  the 
bark  is  cut  or  bruised  and  the  capillary  sacks  and  tubes,  which  contain  the  latex, 
are  rui)tured,  it  flows  out  with  greater  or  less  abundance,  according  to  the  species  of 
the  tree.  What  part  this  secreted  milk  plays  in  the  plant  economy  has  not  yet  been 
determined,  but  the  essential  fact  has  been  established  that  this  product  is  discarded 
by  the  tree  in  its  dead  leaves  and  bark,  and  that  the  bark  of  the  live  tree  can  be 
tapped  and  the  latex  removed  with  no  apparent  injury  to  the  tree. 

As  has  been  stated,  it  was  in  1847  that  specimens  of  the  flowers  and  fruit  finally 
reached  London  and  the  complete  botanical  determination  of  them  made,  which 
resulted  in  giving  to  the  tree  the  name  of  Dichopsis  gutta  Benth.  et  Hook.,  fils.  A 
few  years  later  the  Dutch  botanist  Burek  pointed  out  the  fact  that  as  early  as  1837 
Padre  Blanco  had  given  the  name  of  palaquium  to  this  genus  of  Sapotacea%  and 
accordingly  most  botanists  have  adoi)ted  the  name  i)alaquium  for  these  wonderful 
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sju^'ioH"  t)i  tort'st  tn'cs,  wliifli  produce  the  ])iilk  of  all  tlif^  ^iitta-}K'rchii  uhcI  in  <'om- 
incrcc. 

Ah  the  (IojiuuhI  for  ^utla  in<'miH(Ml  and  the  trees  (»f  theH[)eeieH  /V/V.  //////</  hecanu^ 
HcarccT  and  more  dillicult  to  reach,  the  native  collectors  \v(!re  not  slow  in  linding 
other  species  that  produced  giitta-perclui,  though  of  an  inferior  <piality.  ('hief  among 
these  Pa/,  irnihil  Burck,  l^ayi'nulecrti  I>enth.  et  Ilook.  fils,  and  Mhnns()pi^  b< data  ijiert- 
ner  tils  are  tlu^  best  known.  Many  other  sj)eeies  have  been  found  in  Sumatra, 
liorn(M),  Celebes,  an<l  tlu^  Malay  Peninsula,  but  wtiat  ])art  they  play  in  the  produc- 
tion of  the  gutta-pei'cha  of  conmierce  lias  not  yet  been  determined. 

Tlie  accompanying  photograi)hs  will  sliow  some  of  the  resemblances  and  differ- 
en<'es  between  the  s])ecies  al)ove  mentioned.  Tlie  trees  of  the  genus  Palaqimnti  are 
among  the  largc^stof  the  tropical  forest,  and  are  generally  to  be  noted  by  the  brilliant 
green  color  of  their  leaves  ai)ove  and  tlu^  golden  to  copper-brown  shiimner  Ixdow. 

The  following  general  description  of  the  botanical  characteristics  of  Palaquium  is 
made  by  JMr.  Merrill: 

jwi.AtiUTrM   in>ANeo   181^7  (i)ienoi»sis  thwattes). 

Usnally  large  trees  with  rusty-tomentose  ))ranchlets,  leaves  obovate  or  oblong, 
acute  or  o))tuse,  petioled,  coriaceous  glabrous  beneath,  or  densely  rusty-tomentose. 
Flowers  fascicl(Ml,  axillary  on  the  naked  ])ranches  l)elow  tlu^  tertninal  leaves.  Calyx 
lobes  (),  in  two  stories,  ccinVlla  lobes  (>.  fStamens  12  to  18,  attached  near  the  base  of 
the  corolla.  Ovary  ()  celled.  Fruit  ilesliy,  ellipsoid,  or  ovoid,  1  to  2  seeded.  Seeds 
exalbuminous  cotyledons,  large,  fleshy. 

In  ]-egard  to  the  s])ecies  J)fiinns()pf^  Ixilata  mentioned  above,  it  is  to  be  noted  that  it 
is  the  oidy  representative  so  far  known  of  gutta-percha  ])roducing  trees  in  the  Eastern 
IIemisj)here.  It  was  discovered  in  the  (Jnianas  in  1857  and  contains  a  fairly  good 
grade  of  gutta-percha.  Obac^h  designates  it  in  his  description  as  a  substitute  for 
gntta-p(^rcha  in  all  its  chemical  and  physical  characteristics.  Though  of  an  inferior 
grad(^  to  that  coming  from  Pakupuma  (jutia,  it  may  well  be  classed  among  the  rest  of 
the  Palaquium,  and  Payemi  species,  furnishing  second  and  third  grade  gntta-percha. 

The  gutta-percha  trees  of  the  [*Iiilippines  embrace  both  l\il<iqnimn  and  J\iyena 
species,  and  while  their  complett^  determination  or  identification  is  still  nnfinislied, 
those  winch  })roduvt^  tlie  gu'tta-i)ercha  of  commerce  have  been  located,  and  their 
final  identification  is  only  a  matter  of  collecting  more  complete  herbarium  material. 


^(  Of  late  years  the  Dutch  and  l^jiglish  botanists  in  the  Orient  have  been  in(;lined  to 
divide  7)^/.  (/lUta  into  three  species,  viz,  PaLgvtia,  Pal.  oblovgifoluim,  and  Pal.  hor- 
neiise,  but  as' no  certainty  of  differentiation  yet  exists,  while  the  gutta-percha  from  all 
is  the  same,  they  may  for  the  present  be  all  classed  under  PaL  (jalta. 
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The  following  tal>l(^ 
|>n>l)aV)ly  funuK^h  iUv 


,  No.  r>y  )j:ives  Oie  s]KM'i('H  at  ^nvsent  known.     TIiohc  inarktMl  (^) 
large^^t  part  of  tli«  gutta-])er('ha  exi)orttHl  from  \\\v  southern 

Table  yo.  n. 


Lt';ivi\'>i  rusty,  toincntosf 
nt'ath: 

I'Ml.  L-itit'oliinn  Hlniu 


i'jil.  oh'ifenni!  lilaiicf 


Local  name. 


rolacpolac     (tr 
alacaj). 

Alacap   or  .lar- 
acan. 


Pal.  hnriiosii  M(>ri'ill ;  Nato.... 

Pal.ahernianuin  Merrill*;  ("alapiu. 

i 
i 

l.eavos  glabrous  !)ei!ealii: 


Locality. 


Botaiiiral  description. 


Pal.  cclebicum  Bnrck*.. 

df> 

do 

I'al.  einieatuni  Vitlal 

Dulitnn   

Lu7:on  . .    

Pal.  u:i^'antif(>liuin  Mer- 

Tavabas 

rill. 

I'al.  iiizoni(>Tise  Viflal  . .. 

Ik)tralafig-it 

LUJ^OH . 

I'al.  niindanaense   Mer- 
rill.* 

C'alapia 

Mindanaf* 

Paveiialeerii     Berth    and 
Hook.* 

do 

Tawi-tawi 

Luzon       to  i   L(nivcs  obovatt',  obtuse.  10  to  ;'0  em. 
Mindanao.  long^.    A    to   15   em.     wide.      Nerxfs, 

1       about  b')  i>airs. 

Luj^on Leav<'s   oboxale-Ianreolate.    H)   (o  25 

cm.  loiifj-,  <)  to   U>  cm.  wide,  acute. 
;       Ner\('s,  al»out   15  pairs,   closely   re- 
lated to  the  pHM-eding-. 

Masbatc Leaves  obovate.  ol»tuse,  tbiu,  12  to  15 

I      cm.  lont^,  7  to  s  cm.  wide.     Nerves, 

11  }>airs. 

Min<lauao :   Leaves  ovate  or  obovate,  obtuse   or 

a<'ute,  12  to  11  cm.  lon^r,  5  to  t;  em. 
i       wide.     Nerves,  15  jiairs. 

Leaves  lanceolate,  acut(\  15  to  '20  cm, 

lonjj^,  5  to  (■>  em.  wide,     .\er^('s,  12  to 

1  I  pairs. 
Leaves  ovate,  lanceolat*'  or  obovate. 

acute  or  obtuse.  5  to  7  cm.  1omj^\  2  to 

Hem.  wide.     Nerves,  11   to  I2  pairs. 

Indistinct. 
Leaves  obovate.  50  cm.  lon,!J:,  -0  cm. 

wide.     Nerves,  20  to  21  pairs. 
L(vives  (nate,  acute,  or  obtu.se,  10  to 

14  cm.  lonJ.,^  i  to  ti  cm.  wid(\  Nerves, 

12  [.airs. 
Leaves  ovate,  acute,  9  to  V2  cm.  l(m^, 

•I  t(»  5  cm.  wide;  petioles  ;>  em.  lon.u. 
Nerves,  i  1  to  IC.  jiairs. 
Leavers  ovate  or  ovate  obl(tn,Lc,  5  to  10 
cm.  Ion?;-,  2,5  to  4  cm,  wide,  cuuente 
at  tlie  base,  short,  acumimite  at  the 
apex. 


(;EO(JKArJije  distkijjution. 

As  previonsly  stated,  the  firpt  giitta-perclia  ireoB  were  n^portcMl  from  tlie  islanrl  of 
Singapore,  ami,  in  fact,  within  a  k'W  miles  of  tlie  city  itself.  Wlim  the  sn)>stanee 
became  a  inarketal)le  artieU^  these  trees  we^re  the  tirst  to  fall  and  all  of  the  island 
was  soon  devastated.  The  explorations,  from  Singapore^  as  a  eentei",  were  made  in 
all  directions  and  with  remarkable  success.  AH  of  the  forest  of  the  southern  half  of 
the  Malay  Peninsidagave  targe  yiel<ls,  as  well  as  the  islands  oi  the  Khio  Archij>elago, 
r>orneo,  and  most  of  Sumatra.  However,  from  all  of  tlu^  data  which  hav(^  been 
gathered  from  native  sources,  as  well  as  from  the  information  collected  by  many 
Dutch,  English,  and  French  explorers,  it  apj>ears  that  the  area  of  <listribution  of  the 
PalaquiwN  gnffa  trec^s  is  shar})ly  defined.  Beyond  the  sixth  di^gree  north  on  the 
Malay  Peninsula  th(^  tn^es  became  scarce  or  ceased  altog(^ther;  on  th(^  nortliern  end 
of  Sumatra  they  are  likewise  lacking.  Java,  bordering  close  on  Sumatra,  contained 
none,  and  Celebes,  to, the  east  of  Borneo,  was  found  to  b(^  e<jually  destitut(\  Refer- 
ence to  the  jnaj)  will  show  tiie  area  of  distribution  of  the  l^tldgniinn  (/uffft,  which  is 
practically  included  in  a  j)arallelogram  inclosing  the  above-mentione<l  peninsula  and 
islands.  This  arc^a  included  some  400,000  Sipiare  miles  of  land,  of  which  only  a  \evy 
small  ])er  cent  is  or  ever  was  covered  by  gutta-])ercha  trees. 

Obaclt,  in  his  celel)rated  book  on  gutta-pc^rclia,  practically  limits  the  area  of  gutta- 
j>ercha  production  for  the  (entire  world  to  this  small  territory.  WhiU^  this  statement 
is  ])robably  true,  so  far  as  the  gutta-percha  from  Palaquhim  guiUi  is  com^erned,  we 
havt*  already  sec^n  that  th(i  area  of  distribution  of  tlu^  other  or  inferior  si)ecies  is 
extended  eastward  so  as  to  take  in  the  I^hiU})pines,  and  the  same  is  also  true  of 
Ccdebes,  Java,  and  tlie  northern  half  of  the  Malay  I'eninsula. 

The  number  oi  gutta-[>ercha  j)roducing  species  in  the  Philippines  has  already  Ix^en 
listed,  and  some  of  the  localities  given  where  they  have  been  found.  Attention  is 
again  called  to  the  distributing  of  these  localities,  extending  so  far  north  as  well  as 
south,  and  it  can  l)e  confidently  (^xj)ected  that  when  tlie  fon^st  surveys  are  com- 
j)U^t(Ml  nr^arly  all  of  the  islands  will  be  found  to  contain  some  species  in  more  or  less 
abundance. 
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()wing  to  the  limited  extent  of  the  areas  where  gutta-percha  trees  have  so  far  been 
found  on  most  of  the  islands,  the  regions  which  produce  gutta-percha  for  the  market 
at  tlie  present  time  are  limited  to  the  islands  of  Mindanao  and  Tawi-tawi.  The 
Hc^conipanying  map  is  arranged  to  show  the  places  where  gutta-percha  species  have 
been  found  as  well  as  to  give  some  idea  of  the  size  of  the  districts  producing  the 
gutta-percha  now  being  exported.  The  exact  or  even  approximate  extent  of  these 
areas  is  diffic^ult  to  calculate.  Much  has  not  yet  been  explored,  and  the  information 
derived  from  the  natives  is  vague  and  contradictory.  The  areas  on  the  map  are 
given  conservatively  and  are  known  to  produce  gutta-percha  at  the  present  time. 
Other  territories  will  probably  become  known  as  our  intercourse  with  the  wild  tribes 
inhabiting  these  regions  grows  more  friendly  and  open. 

List  of  towns  and  forest  regions  from  which  gutta-percha  is  exported  to  Singapore, 


Central  point  for  col- 
lection and  exporta- 
tion of  gutta-percha. 


Point  of  collection  of  gutta-percha  from 
the  various  forest  regions. 


Name  of  forest  regions  from 
which  gutta-percha  is  col- 
lected. 


Cotabato  . 


Tukuran  and  Dinas . 


Maldbang  . 


Clan,  Surangani,  and  Binang. 


Reina  Regente  and  Salaya. 


Zamboanga 
Jolo  (Sulu) 
Bongao 


Baluan,  Curuan,  Talucsangi,  Puerta  Sta. 

Maria,  Dapitan,  Misamis. 
Transshipped  from  Da vao, Cotabato,  Zam- 

boanga,  or  Siassi. 
Siassi,  Balambing,  Buan,  Dajapatan 


Dinas-Subano. 

Camalarang. 

Labangas. 

Tukuran. 

Laguna  de  Lanao. 

Baras. 

Liangan. 

Segayan. 

Tagabuii, 

Manobo. 

Bilan. 

Binang. 

Dam  a  Balao. 

Matingauanan, 

Talayan. 

W^estern  and  northern  Subano. 

Tawi-tawi. 

Do. 


METHODS   OF   COLLECTING    AND    MARKEIING. 

The  (]uestion  of  wdiat  is  the  best  method  for  collecting  gutta-percha  has  troubled 
owners  and  dealers  from  the  beginning  and  a  satisfactory  answer  is  still  lacking.  The 
trees  are  in  the  tropical  forest  regions  of  tlie  Malay  Archipelago,  Borneo,  and  the 
Philippines,  wliich  are  inhabited  by  the  wildest  pagan  tribes  only.  These  natives 
are  the  natural  gutta-percha  collectors,  and  as  a  matter  of  fact  have  done  all  the  col- 
lecting since  the  beginning.  They  evolved  a  method  w  hich  answered  their  require- 
ments very  satisfactorily.  As  might  be  inferred,  they  wished  the  maximum  yield 
of  gutta-percha  from  each  tree  with  the  minimum  expenditure  of  work  or  time. 
That  the  method  was  extremely  wasteful  did  not  concern  them,  nor  were  they 
bothered  over  the  prospect  of  a  bankrupt  future. 

The  method  which  is  still  in  vogue  from  the  westernmost  part  of  Sumatra  to  the 
easternmost  point  of  Mindanao  is,  with  various  minor  modifications,  practically  as 
follows:  The  tree  is  first  cut  down  and  the  larger  branches  at  once  lopped  off,  the 
collectors  say,  to  prevent  the  gutta-percha  milk  from  flowing  back  into  the  small 
branches  and  leaves.  As  has  been  previously  stated,  the  milk  or  latex  is  contained 
in  the  inner  layers  of  the  bark  and  leaves  in  small  capillary  tubes  or  ducts  (see  photo- 
graph, fig.  27).  To  open  these  so  as  to  permit  the  maximum  amount  of  the  milk  to 
escape,  the  natives  cut  rings  in  the  bark  about  2  feet  apart  along  the  entire  length  of 
the  trunk.  The  milk  as  it  flows  out  is  collected  in  gourds,  cocoanut  shells,  large 
leaves,  or,  in  some  districts,  in  the  chopped-up  bark  itself,  which  is  left  adhering  to 
the  tree  for  the  purpose  of  acting  as  a  sort  of  sponge.  After  one  or  two  hours,  when 
the  milk  has  ceased  to  flow,  the  contents  of  the  receptacles  are  united  and  bailed 
over  a  fire  for  the  purpose  of  finishing  the  partial  coagulation.  The  warm,  soft  mass 
is  then  worked  with  cold  water  until  a  considerable  amount  is  mechanically  inclosed. 
To  further  increase  the  weight,  chopped  bark,  stones,  etc.,  are  added,  and  the  whole 
mass  kneaded  into  the  required  shape  with  most  of  the  dirt  on  the  inside. 

The  gutta-percha  gathered  in  this  way  well  repays  the  amount  of  work  expended. 
The  two  vital  defects  of  the  method  are: 

(1)  The  method  is  verv  wasteful,  the  yield  from  each  tree  being  a  small  proportion 
of  the  total  amount.    What  this  per  cent  is  has  been  investigated  by  scientists,  with 
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the  result  that  the  figures  differ  widely.  Rememberinpj  that  tlie  gutta-percha  milk 
is  contained  in  capillary  ductw  and  tubes,  it  will  be  .«een  tltat  a  considerabii^  amount 
ciin  not  flow  out  on  account  of-  cai^illary  attraction,  no  matter  how  much  cutting  is 
done.  It  very  seldom  happens  also  that  a  tree  falls  in  sucli  a  way  that  all  its  trunk 
is  so  exposed  as  to  admit  ringing  on  all  sides.  As  a  general  thing  from  one-third  to 
one-half  of  it  is  inaccessible  to  the  process  of  ringing,  and  all  the  milk  within  it  is 
consequently  lost.  Even  the  larger  limbs  are  not  deemed  worth  ringing  and  conse- 
quently all  the  milk  in  them  and  in  the  leaves  also  goes  to  waste.  To  this  must  he 
added  the  considerable  quantity  spilled  on  the  ground  through  carelessness  and  lack 
of  enough  receptacles  for  every  cut  or  bruise  from  which  the  milk  flows. 

The  method  employed  to  find  what  percentage  of  gutta-percha  has  been  removed 
from  a  tree  by  the  native  collectors  was  to  determine  the  per  cent  of  gutta-percha 
remaining  in  a  given  area  of  the  bark,  multiply  this  by  the  total  bark  area  of  the 
tree  and  adding  15  per  cent  of  this  amount  for  that  contained  in  the  bark  of  the 
branches  and  in  the  leaves. 

The  amount  wdiich  the  native  collectors  secure  from  the  average  full-grown  tree 
apparently  varies  according  to  the  species,  season,  personnel  of  collectors,  etc.  Most 
authorities  place  the  amount  per  tree  at  one-fourth  of  a  pound.  The  director  of  the 
botanical  garden  in  Penang  secured  1 J  pounds  of  clear  gutta-percha  from  a  large  tree 
(Pal.  gutta)  estimated  to  be  60  years  old.  Ury  obtained  somewhat  over  2  pounds 
from  a  Palaquium  gutta  tree  at  least  100  years  old,  and  2 J  pounds  from  one  of  an 
inferior  species. 

Burck  made  some  extended  experiments  in  Sumatra  and  secured  an  average  of  less 
than  1  pound  from  full-grown  trees,  while  Serullas  in  Sumatra  obtained  almost  1 
pound  from  a  giant  tree.  Trees  of  inferior  grade  have  been  found  to  give  as  high  as 
8  pounds.  Probably  the  best  average  obtainable  is  3  pounds.  In  the  Tiruray  dis- 
trict of  Mindanao  I  secured  1  pound  of  clean  gutta-percha  from  a  tree  135  feet  high 
and  5  feet  4  inches  in  circumference  at  the  base.  The  work  was  carefully  done  by 
the  natives.  Taking  a  measured  amount  of  the  bark  of  this  tree  after  no  more  gutta- 
perclia  could  be  collected  by  the  native  method,  and  extracting  all  of  the  gutta-percha 
that  it  still  contained,  it  was  estimated  that  after  collection  there  still  remained  6| 
pounds  of  gutta-percha.  Taking  into  consideration  the  fact  that  had  the  tree  not 
fallen  in  such  a  way  as  to  leave  almost  all  of  the  trunk  propped  high  enough  above 
the  ground  to  allow  the  milk  to  be  extracted  from  the  bark  on  the  under  side,  the 
amount  extracted  would  undoubtedly  have  been  nmcli  less,  or,  in  other  words,  ten 
times  more  gutta-percha  would  have  been  left  to  rot  with  the  tree  than  was  taken 
from  it  by  the  natives.  Other  investigators  have  secured  figures  as  large  as  these, 
and  some  found  that  forty  times  more  gutta-percha  was  left  behind  than  was  secured 
by  the  careless  collectors. 

(2)  It  leaves  the  future  unprovided  for.  It  has  been  neen  tliat  tfie  invariable  prac- 
tice of  the  native  collectors  is  to  fell  the  tree  in  order  to  extract  the  gutta-percha. 
In  some  cases  it  has  been  reported  that  the  stumps  stool  afterwards  and  in  course  of 
time  produce  new  trees,  but  it  can  be  safely  asserted  that  this  is  the  exception  and 
not  the  rule.  Of  those  I  have  found  cut  down  in  the  Philippines  none  have  ever 
stooled,  though  in  one  case  I  saw  some  of  the  roots  of  the  stump  alive  long  after  the 
felled  tree  was  well  advanced  towards  decay. 

It  is  fortunate  that  only  the  full-grown  trees  contain  enough  gutta-percha  to  repay 
the  work  of  felling,  ringing,  etc.,  otherwise  the  complete  extermination  of  the  gutta- 
percha forest  would  only  be  a  matter  of  a  year  or  so.  On  the  other  hand,  the  felling 
of  all  the  trees  old  enough  to  bear  seed  works  to  the  same  end  with  a  somewhat 
longer  time  limit. 

THE   MARKETING    OF   GUTTA-PERCHA. 

Having  been  collected  and  put  in  marketable  shape,  it  is  carried  in  baskets  on  the 
back  of  the  collectors  to  the  nearest  waterway  and  thence  taken  by  boat  to  the  most 
accessible  town,  w^here,  applying  the  description  to  the  Philippines,  it  is  exchanged 
for  barter  to  some  Moro,  Chinese,  or  Filipino  menihant  (commerciante)  living  there 
for  the  purpose  of  dealing  in  all  kinds  of  native  products.  From  here  it  is  shipped 
to  one  of  tlie  ports  doing  an  export  trade  w  ith  Borneo  and  Singapore.  The  entire 
gutta-percha  trade  is  practically  in  the  hands  of  the  Chinese  in  the  latter  city,  and 
they  guard  the  secrets  of  boiling,  working  over,  mixing,  adulterating,  and  cooling  the 
gutta-percha  for  European  markets  most  zealously.  All  who  have  tried  to  investi- 
gate their  methods  agree  that  there  is  no  connection  between  the  various  grades  and 
the  different  tree  species,  and  that  pure  gutta-percha  from  the  species  Palaquium 
gutta  is  no  longer  found  on  the  market  muuixed  with  inferior  grades. 

Strangely  enough,  1  was  unable  to  find  in  Singapore  any  statistics  regarding  the 
importation  of  Philippine  gutta-percha.     The  Chinese  dealers  denied  receiving  any, 
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and  beyond  a  few  piculs  noted  in  the  annual  import  statistics,  no  mention  of  it  was 
found  anywhere.  1  afterwards  ascertained  that  the  j?utta-perc'ha  first  goes  to  Sanda- 
kan  and  J^abuan,  in  British  Nortli  Borneo,  and  is  there  transshipped  to  Singapore, 
entering  as  North  Borneo  gutta-percha. 

Unfortunately,  the  amount  collected  for  exportation  can  not  be  given  with  any 
degree  of  accuracy,  as  the  export  statistics  include  gutta-percha  with  all  other  gums. 
It  is  known,  however,  that  the  amount  reaches  into  tens  of  thousands  of  pounds. 

LAWS   REGULATING   COLLECTING    AND   SHIPPING. 

Considering  the  almost  lawless  way  in  which  gutta-percha  is  collected  and  marketed, 
it  is  pertinent  to  review  briefly  the  few  steps  taken  towards  legislating  on  the  sub- 
ject. The  English  long  ago  realized  that  the  gutta-percha  forests  of  the  Malay 
Peninsula  were  doomed  to  destruction  unless  radical  measures  were  taken  to  change 
the  method  of  collecting.  The  first  law  passed  was  to  prohibit  the  felling  of  trees  in 
order  to  collect  the  gutta-percha.  As  the  law  never  penetrated  to  the  wild  tribes  of 
the  interior,  where  the  collecting  was  done,  it  was  not  effective.  As  a  surer  method 
of  stopping  the  destruction,  a  second  law  was  i)assed  which  prohibited  the  exporta- 
tion of  gutta-percha  from  coast  towns  in  the  Federated  Malay  States  in  which  the 
English  could,  of  course,  exercise  personal  supervision.  The  result  was  that  the 
exportation  from  those  places  ceased  promptly,  but  the  felling  of  trees  did  not  stop, 
the  export  simply  traveling  northward  by  overland  routes  until  it  was  outside  of 
English  jurisdiction,  and  from  there  it  was  shipped  to  Singapore.  I  can  not  find 
that  anything  effectual  has  been  accomplished  by  the  English  nor  by  the  Dutch 
authorities  in  Sumatra  and  Borneo  toward  remedying  the  difficulty.  It  seems  to  be 
generally  reaUzed  at  last  that  wild  natives  can  not  be  prohibited  from  doing  things 
where  there  is  no  law  nor  show  of  authority.  Certainly  they  will  not  cease  felling 
gutta-percha  trees  until  some  one  can  show  them  an  easier  method  for  collecting  the 
same  amount  or  more  of  the  material,  so  long  as  gutta-percha  has  a  market  value. 
The  English  had  the  true  idea  when  they  took  away  its  market  value  through  pro- 
hibiting exportation.  The  only  trouble  was  that  the  Malay  States  are  on  a  peninsula 
and  not  an  island.  This  law,  if  applied  to  the  Philippines,  might  succeed  better  by 
reason  of  their  geographical  situation,  but  so  far  nothing  of  this  kind  has  been  tried 
here.  As  soon  as  the  forestry  bureau  was  established,  in  1899,  the  felling  of  gutta- 
percha trees  was  prohibited.  Rules  and  regulaticms  were  provided  for  tapping  the 
V)ark  of  the  tree  with  a  l)olo  in  such  a  manner  as  to  allow  the  milk  to  be  secured 
without  killing  the  tree.  As  the  amount  of  gutta-percha  obtained  by  this  process  was 
nmch  less  than  that  secured  from  felling  the  tree,  while  the  labor  was  fully  as  great 
and  was  dangerous  besides  (fsome  trees  being  70  feet  to  the  first  limb)  the  wild  natives 
never  practiced  this  method,  nor  did  they  ever  hear  of  it,  and  all  the  gutta-percha  so 
far  exported  1ms  been  at  the  expense  of  so  many  trees  killed. 

Islands  sucfi  as  Mindanao  and  Tawi-tawi  can  not  stand  this  for  any  length  of 
time,  and  already  the  gutta-percha  trees  have  entirely  disappeared  from  the  vicinity 
of  the  coast  regions  and  of  the  large  rivers.  According  to  the  forest  surveys  made  so 
far  in  the  islands  the  average  number  of  trees  of  1  foot  in  diameter  is  between  40  and 
50  per  acre,  and,  considering  the  large  number  of  species  found  in  the  forests,  the 
number  of  trees  of  any  one  species  is  generally  placed  at  four  or  five.  With  this 
liberal  allowance  the  forest  acreage  of  the  southern  islands  will  probably  supply 
gutta-percha,  at  the  present  rate  of  cutting,  for  three  or  four  years  longer,  but  not 
for  more  than  that. 

It  must  not  be  supposed  that  scientific  investigation  has  not  been  directed  toward 
solving  this  vexed  question  of  securing  gutta-percha  in  paying  quantities  without 
killing  the  trees,  but  before  describing  the  results  of  this  work,  the  chemical  and 
physical  characteristics  of  gutta-percha,  as  well  as  the  prices  to  be  realized  for  the 
same,  must  be  considered,  in  order  to  demonstrate  the  difficulties  to  be  overcome. 

GRADES   AND   PRICES. 

The  prices  governing  the  sales  of  all  grades  and  kinds  of  gutta-percha  in  Singapore, 
the  chief  market  of  the  world,  seem  to  be  most  arbitrary  and  uncertain.  As  a  gen- 
eral thing  they  have  increased  continuously  and  steadily  since  the  beginning  of  the 
industry 

Formerly,  the  different  kinds  ot  giitta-percha  were  named  from  the  well-known 
districts  or  shipping  jiorts  from  which  they  came.  An  attempt  was  also  made  to 
designate  the  spe(*ies  of  tree  furnishing  the  product,  and  a  further  distinction  was 
given  as  to  quality.  For  instance,  '^Koatei  guta  inerah  No.  1"  was  first  grade  of 
gutta-percha  from  the  species  Palaquiiim  gutta  coming  from  Koatei,  while  "Pahang 
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white  soondi  No.  1"  was  Urst  grade  gutt^i-percha  from  the  specie  Payena  hern  from 
the  Pahang  district. 

These  names  and  gradings  are  still  kept  up  as  a  matter  of  convenience  for  cable 
codes,  etc.,  but  their  significance  is  almost  entirely  lost,  certainly  as  far  as  any  indi- 
cation of  the  tree  species  is  concerned,  and  often  as  regards  the  district  of  production 
as  well.  The  Philippine  gutta-percha,  lor  example,  has  no  grading  nor  price  in 
Singapore,  and  probably  comes  in  under  Sarawak  white,  red,  etc. 

As  has  been  stated  previously,  the  secrets  governing  the  selection,  boiling,  adul- 
teration, coloring,  etc.,  of  the  various  grades  are  closed  and  known  to  the  Chinese 
exclusively.  This  is  also  true  in  the  Philippines,  though  very  little  except  boiling 
and  cleaning  is  attempted  before  shipping  to  Sandakan. 

Most  of  the  Philippine  gutta-percha  passes  through  three  hands,  and  the  rise  in 
price  IS  quick  and  decided.  My  experiences  in  the  gutta-percha  districts  of  Mindanao 
and  Tawi-tawi  were  to  the  effect  that  the  wild  native  collector  had  to  take  about 
what  he  could  get,  which  was  on  an  average  of  $10,  Mexican,  for  a  pi(;ul  of  162 J 
pounds.  Money  was  seldon  paid,  the  usual  thing  being  barter  in  rice,  cloth,  copper 
wire,  cheap  jewelry,  beads,  etc.  It  is  needless  to  remark  that  the  middleman  real- 
ized a  good  profit  on  his  merchandise.  He  in  turn  carried  the  gutta-percha  to  the 
export  towns  and  sold  it  to  the  Chinese  at  the  rate  of  |40  to  $80,  Mexican,  per  picul 
of  137J  pounds.  As  this  latter  amount  was  the  legal  weight  for  a  picul,  his  profits 
were  increased  by  the  additional  pounds  which  he  deliberately  stole  from  the  ignor- 
ant native.  The  Chinese  exporter  pays  $5  to  |7,  Mexican,  per  picul  forestry  dues 
(he  being  the  only  one  of  the  three  with  a  fixed  residence  and  amenable  to  forestry 
regulations)  and  exports  the  gutta-percha  to  Sandakan  or  Singapore,  where  it  prob- 
ably brings  $100  to  $150,  Mexican,  per  picul  of  133J  pounds.  There  is  no  definite 
information  on  this  subject,  however,  as  Philippine  gutta-percha,  as  has  been  stated, 
is  neither  rated  nor  graded  in  Singapore.  A  year  and  a  half  ago  when  the  best  grade 
of  gutta-percha  in  the  Philippines  was  said  by  the  Chinese  of  Cotabato  to  be  worth 
$80  per  picul,  the  following  analyses  of  Singapore  gutta-perchas  were  made  by 
V.  Romburgh  and  Tromp  de  Haas: 


Grade. 


Bila  (red)  Soondi 

Sarowac  Soondi  No.  2 

Pinang  gutta  Palelo  No.  1. . 
Sarawak  red  Soondi  No.  1. . 
Bagan  white  Soondi  No.  1. . 
Koatei  gutta  merah  No.  2  . . 

Indragiri  white  Soondi 

Sambas  white  Soondi 

Koatei  gutta  merah  No.  1 . . 
Pahang  white  Soondi  No.  1 


Dirt. 

Water. 

Resinn. 

Gutta. 

33.6 

7.0 

31.4 

28.0 

37.1 

U.8 

26. 5 

29.6 

2.1 

5.H 

53.8 

38. 3 

19.0 

3. » 

35.5 

41.6 

.7 

8.0 

36. 5 

54.2 

21.7 

5.1 

28.5 

44.7 

2.0 

4.1 

46.2 

47.7 

1.0 

4.4 

53.  (> 

'41.0 

14.8 

3.8 

34.8 

46.6 

4.2 

.5 

12.8 

82.5 

81.50 
135 
180 
350 
350 
360 
870 
380 
500 
600 


According  to  these  analyses  the  best  grades  of  Philippine  gutta-percha  may  well 
rank  with  any  of  the  first  four  on  the  list,  especially  as  my  chemical  and  physical 
tests  show  the  high  grade  of  the  gutta  in  them. 

Another  example  of  the  difficulty  in  dealing  with  the  Chinese  gutta-percha  mer- 
chants in  Singapore  is  the  experience  of  an  American  merchant  of  Manila  who,  about 
this  time,  took  a  considerable  quantity  of  the  best  grade  of  gutta-percha  from  Min- 
danao over  to  Singapore  by  way  of  speculation.  He  was  only  offered  $8  per  picul 
by  the  leading  merchants  there,  and  it  was  not  until  they  found  out  he  was  not 
anxious  to  sell  at  all,  but  would  ship  it  to  America,  that  they  finally  closed  with  him 
at  $70  per  picul.     How  much  the  gutta-percha  w^as  really  worth  he  never  found  out. 

The  evidence  then  all  goes  to  show  that  the  price  of  Philippine  gutta-percha  jumps 
from  about  $8  a  picul  in  the  mountains,  where  it  is  gathered  by  the  wild  tribes,  to 
$150  in  Singapore.  Thus  the  native  collectors  get  almost  nothing,  the  government 
about  as  much,  and  the  Chinese  the  rest.  The  Chinese  might  possibly  get  even  higher 
prices  by  exporting  direct  to  London  or  America,  though  apparently  this  has  not  yet 
been  tried. 

It  is  stated  on  good  authority  that  the  Chinese  in  all  their  manipulations  for  pre- 
I)aring  the  gutta-percha  for  the  European  market  go  solely  by  smell,  color,  toughness, 
and  the  softening  and  hardening  test  in  hot  then  cold  water.  At  any  rate  they  are 
certainly  very  skillful  in  the  work,  although  careful  inspection  of  the  above  table,  as 
Van  Romburgh  points  out,  would  tend  to  show  that  their  prices  were  not  at  all  war- 
ranted by  the  analyses.     So  long  as  the  collecting  of  the  gutta-percha  is  all  in  the 
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h^-nds  of  M'ild  iiativ("H  and  Ww,  inanij)nlatiiijT:  and  marketing  controlled  by  the  Chinese, 
we  can  not  hop(^  to  hav(^  the  gutta-pereha  tra<h^  on  a  fair  hiiHineHH  basis.  However, 
ixs  the  snf>i)ly  steadily  diM'reas<'s  wliih^  tlui  demand  and  })riees  increase,  the  attention 
of  ( Jovernmentsand  niannfacturers  will  more  than  ever  befo?-(»  bedirec'ted  tothesn!)- 
ieet,  an<l  [)erha[)S  tlu^  hopiMl  for  relief  will  come  tlirongh  seientilic  propagation  of  gutta- 
}>er('ha  trees  and  scientiiie  collecting  of  the  gutta-{)ercha. 

en  i<:m  icA  i,  vm )PKKTIKs. 

A  chcMnical  examination  of  the  milk  or  latex  abovc^  refernHl  to  as  coming  from  the 
gntia-percha  tn^es,  ujumi  wonndifig  th(;  bark,  shows  it  to  be  compose<l  of  an  iMnnlsion 
(»f  water  and  oil  in  a  linely  divided  sfjite.  Acconling  to  tlu^  species  of  trcH',  the  water 
varies  from  a  small  (best  species)  to  a  wry  large  ])ercentage  (})oor  species).  A  dro]) 
of  the  milk  canght  on  the  linger  midergoes  no  apparent  change  for  a  few  minntes, 
bnt  by  the  end  of  this  tiiiK^  a  thin  rubbery  scinn  can  be  ol)Herved  to  iuive  forme<l  on 
the  sni'face.  If  this  })e  removed  a  second  lilin  will  form,  aiid  so  on  nntil  the  entire 
drop  has  become  a  small  ])i(M'e  of  a  tongh  leathery  substance.  ^Vhen  a  fresh  droj)  is 
worked  between  tlu^  lingers  tlu^  hardc^ning  process  or  coagulation  takes  place  very 
(piickly,  an<l  by  boiUng  or  adding  certain  chenncals,  such  as  mineral  or  vegt^table 
aciils,  alum,  salt,  etc.,  it  takes  plac(>  almost  instantan(>ously.  What  the  nature  of 
this  hardening  ])rocess  is  a])pears  to  b(^  unknown.  The  subject  will  be  inv(istigated 
in  this  lal)ora1()ry. 

After  coagulation  sets  in  {s(h>  below)  the  oily  portion  becomes  hard  and  tough, 
while  most  of  the  water  separates  or  is  inclosed  mechanically.  Subjecting  this  hard 
and  tough  mass,  taken  for  (^xam])le  from  tlu^  Paffupiivui  gniia  species  to  further 
examination,  it  proved  to  be  insoluble  in  water  aiid  vt^ry  stable  against  tlie  action  of 
either  dihite  acids  or  alkalies.  In  chloroform  <u-  carbon  bisidphide  it  is  easily  sol- 
uble, while  ether,  petroleum  (41ut,  and  alcofiol  dissolve  it  only  in  j)art.  Hy  subject- 
ing it  to  tht^  action  of  cold  alcohol  a  3'ellow"  amorphous  resinous  ])ow<ler  can  l>e 
extracte<l.  Hot  alc<)hol  ■  further  extracts  a  white  crystalline  resin,  leaving  a  tough 
horn-like  residues  which  is  easily  solul)l(^  in  chloroform  and  carbon  bisulphide^  and 
can  be  ])recii>itat(Hl  from  tliese  solutions  by  alcohol  as  a  whih^  flocculent  mass,  which, 
by  warming  or  through  ])ressure,  (prickly  turns  to  its  original  appearance.  Taking 
tlu^  three  constituents  of  gutta-percha  in  the  order  describecl  above,  the  names 
tluavil,  alban,  and  gutta  were  given  them  by  Payen  in  1852.  Besides  the  c(jnstituents, 
all  gutta-percha  was  found  to  contain  more  or  less  dirt,  coloring  matter,  and  water 
inclos(Ml  uHHduvn ically. 

Tlu^  uiethod  adopttnl  for  making  the  above  analyses  is  a  modification  of  those  uscmI 
])y()bachand  Van  Rondmrgh.  The  former  detennined  first  the  per  cent  of  water 
l)y  drying  a  weighed  sample  to  constant  weight  on  a  water  bath  or  desiccator, 
determining  the  water  by  differcnice.  The  resins  wen»  then  extract(Ml  with  ether 
and  weighed  after  tlu*  soheiit  had  Ix^en  completely  eva{>orated.  Tlu^  gutta  and  dirt 
were  thus  left  and  wert^  s(^])arated  by  chloroform,  which  dissolved  the  gutta,  leaving 
the  dirt  to  ho  filtered,  dried,  and  weighed.  The  chloroform  was  then  evaporated 
and  the  gutta  weighe(l. 

Van  Romburgh  in  Ids  laf(^st  analytical  work  uses  the  following  sclieme:  Tlie 
v/eighed  and  finely  <livided  substance  is  drie<l  to  constant  weight  in  an  atmos})here 
of  dry  carbon-dioxides  gas,  which  fulfills  the  double  i)urpose  of  drying  and  at  tlu* 
same  time  })reventing  oxidation.  The  sample  is  then  dissolved  in  hot  chloroform, 
thus  allowing  the  undissolved  dirt  to  be  filtered  off,  washed,  dried,  and  weighed. 
The  chloroform  solution  containing  the  gutta  and  resins  is  diluted  with  chloroform 
to  100  c.  c.  and  an  alicjuot  ])ortion  taken,  evajx^rated,  and  dried  to  constant  w^eight 
as  al)ove.  ])y  extracting  the  residue  with  hot  alcohol  ov  acetone  the  resins  are 
rcMiioved,  wIumi  the  rcMuaining  gutta  is  dried  and  weighed.  The  resins  are  then 
estimated  by  diffcu'cnce.  \'an  Romburgh  })oints  out  that  the  largest  source  of  error 
in  using  this  metluxl  is  due  to  the  (n'aj)oration  of  the  chloroform.  To  avoid  this  loss 
and  save  time  the  following  modifications  w(^re  adot)ted: 

Dirt. — A  fair  samph^  of  the  gutta-percha  to  be  analyzed  was  tini^ly  divided  and 
quartered  down  to  a  small  amount.  Of  this  0..*?  to  0.5  gram  were  taken  in  a 
weighed  thimble  filter  and  (extracted  hot  in  a  Soxlett  apparatus,  chloroform  being 
used  as  the  solvent.  Wlien  all  was  dissolved  but  the  dirt  this  was  drie<l  in  the  filter 
and  weighed. 

Jiesim  (md  (jniUi. — The  cldoroform  solution  is  tlum  evaporated  to  dryness  in  th(s 
sam(s  flask  (previously  tared)  dritnl  to  constant  weight  on  the  water  bath  in  a  stream 
of  dry  carbon-dioxide  gas.  After  weighing,  the  contents  are  extracted  with  hot 
alcohol  or  acetone,  when  th(^  flask  is  again  dri(Ml  as  before  and  weighed.  The  loss  in 
weight  etjuals  the  weight  of  resins,  and  gain  of  the  flask  in  weight  that  of  gutta. 
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Water  (esUmated  by  ^'fermc^).— Analyses  of  samples  taken  froni  several  trees  of  one 
species  show  that  the  percentages  of  the  constituents  vary  considerably,  heing  inttu- 
enced,  probahlv,  by  the  age  of  the  tree,  the  conditions  of  its  growth  (soil,  mmsture, 
shade  etc.),  as  well  as  by  the  season  at  which  the  sample  was  taken  l^or  illustra- 
tion of  this  two  analyses  of  gutta-pe^'cha,  known  to  have  been  taken  from  different 
trees  of  Falaqnmm  gutta,  are  given  to  show  the  large  variation  in  the  percentage  ot 
crutta  It  must  therefore  be  understood  that  the  figures  obtained  from  the  analyses 
of  the  gutta-percha  taken  from  any  one  tree  will  not  necessarily  represent  the  exact 
vahies  for  that  species.  An  averkge  from  a  number  of  trees  is  necessary  to  secure 
true  values.  In  the  same  way  samples  from  any  commercial  gracle  ot  gutta-perciia 
may  vary  quite  a  little  in  their  percentage  composition,  the  differences,  however, 
generally  falling  within  a  well-defined  limit. 

The  *^dirt"  found  in  all  commercial  gutta-percha,  as  has  l)een  stated,  may  l>e  ttiere 
unintentionally  or  have  been  added  with  intent  to  defraud.  In  either  case  it  con- 
sists generally  of  finely  chopped  bark,  leaves,  small  sticks,  etc  From  2  to  (>  per/*i^nt 
of  dirt  is  not  only  admissible  l)ut  generally  unavoidable,  while  more  than  that  is 
looked  upon  with  suspicion.  So  intimately  is  some  of  the  dirt  mixed  witli  the  gutta- 
perclia  that  even  the  best  machines  fail  to  eliminate  the  last  1  or  2  |)er  (^(^nt. 

A  certain  amount  of  coloring  matter,  which  exudes  from  the  l)ark  wlien  cut,  is 
also  mixed  with  the  gutta-percha  milk  and  colors  the  resulting  gutta-perctia.  (cer- 
tain species  give  a  distinctive  color  to  the  material  taken  from  them,  so  it  has  become 
a  practice  of  the  Chinese  in  Singapore  to  boil  inferior  grades  with  the  bark  ot  the  best 
species,  in  order  to  give  them  the  correct  color. 

Under  "resins"  are  considered  the  resinous-like  substances  which  with  gutta  go 
to  form  the  substance  gutta-percha.  These  resins  vary  greatly  in  appearanc^e.  In 
irutta-percha  from  Falaqimim  gutta,  for  example,  as  has  already  been  stated,  one  is 
a  white  crvstalhne  mass,  while  the  other  a  yellow  amorphous  powder.  In  other 
species  they  mav  be  oily  or  brittle,  colored  or  white.  Judging  from  the  formulas 
daH,HO  and  (C,;Hk.O)x,  which  have  been  given  to  alban  and  Huavil  respectively  it 
mieht  be  inferred  that  these  resins  are  oxidation  products  ot  gutta  ( tioHig) .  buiii- 
cient  work  has  not  yet  been  done  on  these  bodies,  however,  to  make  this  anything 

more  than  conjecture.  .  ,      .i,xi-        -j.  -    s        i 

Again  taking  the  gutta-percha  from  Palaqumm,  gutta,  for  illustration  it  is  found 
that  the  10  to  20  per  cent  of  resins  which  it  contains  is  not  a  detriment  Init  rather  a 
decided  advantage.  Besides  adding  much  to  the  bulk  they  are  nisoluble  m  water, 
poor  conductors  of  electricity,  and  quite  stable  against  the  action  of  air  and  moisture. 
In  fact,  gutta-percha  at  present  prepared  for  the  insulation  of  su})marine  cables  is 
composed  of  one  part  of  resins  to  every  two  parts  of  gutta.  \\  lien  the  ainount  ot 
resin  passes  this  percentage,  however,  the  toughness  of  the  gutta-per(dia  is  lessened 
and  other  objectionable  qualities  become  apparent.  The  necessity  then,  of  know- 
ing the  percentage  of  resin  in  a  given  quality  of  gutta-percha  before  using  it  tor 
manufacturing  purposes  is  plainly  apparent.        ,,,,,,.    ^,         •     •     i  f  f  ..^f 

'^s  might  be  inferred  from  the  preceding,  the  '* gutta"  is  the  principal  constitiient 
in  gutta-percha.  The  methods  of  separating  it  from  the  other  constituents  have 
been  given  and  its  indifference  toward  dilute  acids  and  alkalis  noted.  Concentrated 
nitric  acid  causes  violent  oxidation,  while  sulphuric  carbonizes  it  ma  short  time. 
Alkalis,  even  when  concentrated,  have  practically  no  action  on  it.  The  best  sol- 
vents for  gutta  are  chloroform,  carbon  Insulphide,  and  carbon  tetrachloride.  Irom 
all  of  these  solutions  it  may  be  reprecipitated  by  the  addition  of  alcohol. 

If  gutta  be  subjected  to  drv  distillation,  isopren,  OsH^,  and  kautchm,  CioHie,  <h^tii 
over  as  the  chief  decomposition  products,  and  are  identical  with  the  isopren  and 
kautchin  recovered  from  the  dry  distillation  of  rubber.  Tilden  succeeded  m  chang- 
ing isopren  back  again  into  a  rubber-like  substance  throiigli  the  ^^ction  of  con- 
centrated hydrochloric  acid.  As  isopren,  acc^ording  to  Ipatiew  and  Wittort,  is 
methyl  divinyl,  CH.,-C  (CH3)-CH=CH2,  both  gutta  and  rubber  will  perhaps  be 
found  to  be  polimerization  products  of  isopren.  .       t.  7       • 

The  discussion  has  so  far  been  of  the  gutta  found  m  the  species  Palaquium  gutta. 
Dr  Eugene  Obach,  as  chemist  for  a  large  cable  insulating  company,  made  analyses 
of  specimens  of  gutta-percha  from  different  species  of  trees  as  well  as  from  many 
grades  of  commercial  gutta-percha.  In  his  table  of  analyses  he  puts  under  the  name 
of  "gutta"  the  substance  found  in  each  sample,  which  was  insoluble  in  boiling  alco- 
hol but  soluble  in  chloroform.  The  ' '  guttas ' '  thus  found  were  variously  colored  from 
white  to  dark  brown,  and  possessed  different  tensile  strength  from  "elastic  and 
"very  strong"  to  "brittle."  Obach  thus  used  certain  slight  chemical  similarities  as 
his  criterion  of  a  gutta  and  neglected,  apparently,  the  wide  physical  difterence^  which 
these  bodies,  as  will  be  shown  later,  display.  Provided  thereare  many  kinds  of  guttas, 
it  is  then  easily  understood  that  a  chemical  analysis  alone  of  a  gutta-percha  will  give 
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almost  no  insight  into  its  value  unless  acconipaiiied  by  x>liyHieal  tests  of  the  gutta 
contained  in  it. 

Before  going  further  with  the  discussion  as  to  whether  chemical  or  physical  tests 
should  decide  what  is  or  is  not  "gutta,"  attention  is  called  to  the  various  piiysical 
properties  of  these  bodies  before  mentioned.  To  provide  material  for  these  ])hysical 
tests,  they  were  isolated  in  considerable  quantities  from  various  representative  Singa- 
pore and  Philippine  gutta-perchas  by  means  of  solvents,  and  after  evaporation  were 
dried  in  a  stream  of  dry  carbon-dioxide  gas  to  prevent  any  possible  oxidation. 
When  heated  to  the  temperature  of  boiling  water  they  could  t)e  easily  cut  or  molded 
into  the  necessary  shape  for  performing  the  following  experiments: 


Color. 

Action  toward — 

Light. 

Heat:  Soft- 
ening tem- 
perature. 

Stress: 

Gutta. 

Refractive 
index, 
70«C. 

Rotation 
in  0.5  per 
cent  solu- 
tion. 

Tensile 

strength 

per  square 

inch. 

No.l 

Lig'ht  brown 

1.5093 
1. 5088 
1.5089 
1.5076 
1.5093 

-6.75 
-6.5 
-7.5 
4.75 
-0.  5 

«  a 

62 
60 
61 
56 
61 

Poumh. 
5, 262. 4 
6,668.15 
5,134.7 
Brittle 

No.  3. 

Cream  white  . .     -        

No.  4  -   . 

Yellowish  white 

No.  10 

C-reain  white 

No.  5 

Very  li^ht  chocolute 

6  451  45 

EXPLANATION    OF   TABLE.  <« 

The  ''color"  of  the  guttas  undoubtedly  comes  from  the  bark  of  the  tree  wlien  cut 
to  secure  the  gutta-percha,  for  by  repeated  solution  and  precipitation  the  color  may 
l)e  almost  entirely  eliminated,  leaving  the  gutta  only  slightly  tinted  from  a  cream 
color  to  light  pink,  and  pure  white  when  finely  divided.  It  is  my  opinion  that  all 
variations  of  color  are  only  incidental  and  not  connected  with  the  chemical  structure 
of  the  gutta  itself.  The  amount  of  color  in  the  above  samples  was  mininmm  and 
not  sufficient  to  have  any  material  effect  on  the  physical  properties.  The  other 
experiments  with  light,  namely,  those  given  under  refractive  index  and  rotation,  are 
employed  with  great  success  in  the  commercial  analysis  of  sugars,  oils,  fats,  butters, 
etc.  This  is  due  to  the  fact  that  each  chemical  individual,  providing  it  is  capable  of 
transmitting  light,  has  an  index  of  refraction  peculiar  to  itself,  which,  for  purposes 
of  comparison,  must  be  taken  under  constant  conditions  and,  provided  it  is  able  to 
rotate  the  plane  of  polarized  light,  a  degree  of  rotation  which  is  also  constant. 
While  two  chemical  individuals  may  show  identity  in  some  one  physical  property, 
they  can  not  continue  this  identity  in  two  or  more,  so  that  more  than  one  method 
was  necessary  to  determine  the  relationship  of  the  guttas  examined  by  me.  Substi- 
tution, adulteration,  or  variation  in  chemical  structure  can  in  this  way  be  easily 
discovered  and  determined.  Owing  to  certain  mechanical  and  chemical  difficulties 
encountered  in  making  these  determinations  on  the  guttas,  the  limits  of  error  of 
experimentation  are  outside  of  the  differences  found  between  Nos.  1,  3,  4,  and  5, 
but  do  not  include  the  marked  difference  displayed  by  No.  10.  In  determining  the 
refractive  index,  an  Abbe-Zeiss  refractometer  was  employed,  a  small  amount  of  a 
concentrated  solution  of  pure  gutta  in  chloroform  placed  on  each  of  the  prisms  and 
allowed  to  stand  until  the  odor  of  chloroform  had  entirely  disappeared.  The  prisms 
were  then  closed,  and  kept  at  a  temperature  of  70°  C.  until  the  readings  became 
constant,  showing  that  all  chloroform  had  evaporated.  The  above  figures  are  the 
results  of  many  determinations  made  with  carefully  i>repared  samples. 

The  rotation  was  determined  in  chloroform,  0.5  per  cent  solution  being  used, 
because  wdien  more  concentrated  the  absorption  of  light  was  too  great  to  admit  of 
accurate  readings. 

The  physical  tests  given  in  the  above  table  are  so  diversified  as  to  l)ring  out  clearly 
the  extent  of  resemblance  between  the  various  samples  of  gutta  submitted  to  them. 
The  results  show  little  variation  between  Nos.  1,  3,  4,  and  5;  indeed,  these  samples 
maybe  regarded  as  practically  identical  in  composition.     The  physical  constants 

(^  The  results  given  in  this  table  and  some  of  the  explanations  apx)eared  in  the 
previous  annual  report,  but  as  subsequent  experience  and  the  completion  of  botanical 
data  has  led  me  to  take  up  the  subject  from  a  different  standpoint,  they  are  again 
appended  for  the  sake  of  completeness. 
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appear  to  be  those  of  a  single  chemical  individual;  the  refractive  index  varies  only 
in  tiie  third  decimal  place;  the  rotation  is  the  same  within  the  limits  of  only  one 
degree,  and  the  softening  points  vary  only  from  60°  to  62°.  The  small  amount  of 
resins  in  the  specimens,  which  it  was  impossible  to  remove,  would  be  siifficiejit  to 
account  for  even  greater  variations.  No.  1,  however,  is  the  best  sample  used  for  a 
standard,  and  taken  from  Dichopsis  gutta;  Nos.  3,  4,  and  5  are  from  the  Philippine 
Islands.  It  would  appear  from  this  that  gutta  is  a  chemical  individual,  identical  in 
all  cases,  and  any  substance,  such  as  No.  10,  for  example,  which  varies  from  tlie 
properties  recorded  above  should  not  be  designated  as  such.  This  o])inion  is,  how- 
ever, advanced,  subject  to  further  confirmation  by  extended  chemical  iuvi^stigation 
looking  toward  the  determination  of  the  chemical  constitution  of  gutta.  In  the  case 
of  sample  No.  10,  the  substance  designated  as  gutta  and  the  real  gutta  of  No.  3  are  very 
similar  in  appearance  aud  chemical  behavior.  In  tensile  strengtli,  however,  they  are 
widely  divergent,  and  this  difference  is  accentuated  and  not  lessened  l)y  the  other 
physical  tests,  for  while  these  latter  differences  are  not  so  marked,  yet  they  clearly 
show  that  all  the  physical  constants  of  No,  10  differ  more  or  less  from  all  the  others, 
and  hence  this  substance  must  certainly  be  different  in  chemical  constitution. 

The  action  of  heat  in  softening  gutta-percha  and  making  it  plastic  has  previously 
been  used  as  a  test  of  value.  It  has  been  found  tliat  the  l)est  grades  reipure  more 
heat  to  soften  them  than  the  lower  grades.  According  to  the  results  obtained  by 
me,  tlie  inferior  grade  of  gutta  (No.  10)  also  possesses  tlie  property  of  softening  at  a 
low^er  temperature  than  the  superior  gutta.  Tlui  softening  point  was  determined  by 
molding  a  piece  of  gutta  into  the  bottom  of  a  glass  tul)e  sealed  below,  placing  a 
sharp-pointed  glass  rod  in  contact  wdth  the  surface,  and  gradually  heating  in  a  l)ath 
of  sulphuric  acid  until  the  point  of  the  glass  rod  just  began  to  enter  tlie  gutta. 

The  tensile  strength,  or  toughness,  possessed  by  gutta,  next  to  its  resistance  to  sea 
water,  is  undoubtedly  its  greatest  merit  commercially.  Even  the  inferior  grades 
of  gutta-percha  are  used  for  objects  requiring  toughness  combined  with  pliability  and 
strength.  In  the  insulation  of  a  submarine  cable  great  toughness  is  imperative,  for 
during  the  laying  of  the  cable  it  is  constantly  subjected  to  great  strains  from  kink- 
ing, pulling,  rubbing,  etc.,  and  wdien  it  has  reached  the  ocean  bottom,  wdiere  tlie 
pressure  is  often  three  and  a  half  tons  to  the  square  inch,  it  nuist  not  have  sustainiHl 
a  fracture  even  as  large  as  the  diameter  of  a  fine  hair,  for  otherwise  tlie  moisture 
would  slowly  penetrate  to  the  wires,  the  insulation  would  not  be  complete,  and  the 
cable  would  have  to  be  pulled  up  and  repaired. 

In  order  that  the  measurements  made  might  be  within  the  limits  of  the  instruments 
at  hand,  only  small  strands  of  gutta  could  be  used  for  testing.  To  make  these  strands 
free  from  minute  air  bubbles  was  well-nigh  impossible,  in  consequence  of  which  the 
breaking  was  in  most  cases  brought  about  by  weakness  due  to  this  source.  The 
figures,  while  thus  only  approximate,  are  below  and  not  above  the  true  values,  and 
show  clearly  the  enormous  tensile  strength  of  my  samples.  Obach  gives  a  tensile 
strength  of  5,000  pounds  for  the  best  gutta-percha,  while  for  the  gutta  from  it  he  found 
about  6,500  which  closely  corresponds  to  results  given  above.  This  also  brings  out 
most  clearly  the  excellent  quality  of  the  best  Philippine  gutta-percha. 

The  results  of  the  combined  chemical  and  physical  tests  on  various  samples  of  so- 
called  *'guttas"  extracted  from  gutta-perchas  of  different  origin  seem  to  show  that 
the  gutta  from  the  gutta-percha  of  Palaqumm  gutta  has  certain  well-defined  chemical 
and  physical  properties.  Also  that  some  so-called  gutta-perchas  contain  a  substance 
which  chemically  resembles  to  a  certain  extent,  the  above-mentioned  gutta,  but 
differs  widely  from  it  in  many  of  its  physical  properties.  As  the  gutta  from  the 
species  Palaquium  gutta  has  stood  the  test  of  usage  for  fifty  years  it  is  only  fair  that 
its  chemical  and  physical  constants  should  be  used  as  the  standard  of  comparison. 
Until  more  is  known  chemically  of  such  substances  as  I  found  in  No.  10,  a  chemical 
analysis  will  not  be  sufficient  to  determine  the  value  of  a  gutta-percha,  but  it  must 
be  supplemented  by  physical  tests.  This  laboratory  will  undertake  the  task  of  so 
determining  the  chemical  properties  of  gutta  and  its  allied  bodies  in  the  hope  of  dis- 
covering a  method  of  chemical  analysis  which  alone  can  be  used  to  determine  tlie 
value  of  any  gutta-percha. 

SCIENTIFIC   PROPAGATION. 

As  soon  as  the  native  collectors  made  such  heavy  inroads  on  gutta-percha  forests 
as  to  make  certain  of  their  serious  decimation,  if  not  entire  destruction,  the  various 
governments  having  tropical  possessions  in  the  East  began  to  tak(^  note  and  make 
inquiries,  but  it  was  not  until  the  last  four  or  five  years  that  tlie  notes  became  serious 
or  the  inquiries  anxious.  liotli  explorations  and  inquiries  revealed  that  the  greater 
part  of  the  Malay  Peninsula  had  lost  most  of  its  trees,  and  that  the  j^ortions  of 
Sumatra  and  Borneo  which  were  still  productive  were  in  the  most  inaccessible  moun- 
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tain  forests  of  the  interior.  So  thoroughly  had  the  seed-bearing  trees  been  cleared 
out  of  the  Malay  States  that  a  standing  award  by  Government  officials  for  seeds  of 
the  species  Palaqa'mm,  gutta  were  not  claimed,  though  the  offer  stood  for  a  long  time. 
Von  Romburgh,  in  a  very  extensive  tour  of  Sumatra  and  Borneo,  made  for  the  pur- 
pose of  reportmg  to  the  Dutch  Government  the  condition  of  the  gutta-percha 
regions,  saw  but  a  few  seed-bearing  trees,  and  these,  in  almost  all  cases,  had  been 
protected  by  native  chiefs. 

In  the  botanical  gardens  of  Singapore,  Bukit,  Timah,  Penang,  and  Buitenzorg, 
Palaqumm  gutta  trees  were  growing  which  had  either  been  protected  from  destruc- 
tion or  had  been  planted  for  a  sufficient  length  of  time  to  be  seed-bearing.  These 
formed  the  nucleus  of  the  gutta-percha  nurseries  now  being  planted  by  the  English 
and  Dutch  Governments,  with  the  purpose  of  obtaining  reliable  information  as  to 
methods  of  propagation,  the  rapidity  of  growth,  the  time  necessary  for  maturing,  and 
above  all  to  furnish  material  for  testing  scientific  methods  for  extracting  gutta-percha 
without  killing  the  trees.  Owing  to  the  scarcity  of  seeds  everywhere,  the  Govern- 
ment botanists  were  obliged  to  resort  to  various  methods  for  securing  young  plants, 
and  their  experiments  have  been  along  the  following  lines: 

I.  Planting  from  sm/s.— The  fresh  seeds  are  laid  in  beds  of  rich  earth  and  allowed 
to  germinate  and  grow  under  partial  shade.  When  about  a  foot  high  they  are  trans- 
planted to  the  future  plantation,  where  the  soil  may  be  entirely  free  from  trees, 
shrubs,  or  other  vegetation  (Dutch  method)  or  where  small  patches  of  earth  have 
been  cleaned  and  loosened  for  tiieir  reception  in  a  forest  of  seconary  growth,  heavy 
enough  only  to  furnish  a  light  shade  (English  method).  By  the  Dutch  method  a 
light  shade  is  required  around  each  seedling  until  a  vigorous  growth  is  secured.  The 
seedlings  are  set  out  about  5  by  5  yards  apart,  though  where  it  is  desired  to  obtain 
the  largest  amount  of  leaves  per  acre  the  space  allotted  is  4  by  4  yards.  No  special 
care  seems  necessary  except  to  keep  them  free  from  weeds.  Too  much  stress,  how- 
ever, can  not  be  laid  on  the  care  which  should  be  taken  not  to  break  or  injure  the 
long  taproot  of  the  young  plant  during  the  process  of  transplanting,  for  any  injury 
to  it  stunts  the  growth  materially  or  even  causes  death.  Mr.  Curtis,  director  of  the 
Penang  Botanical  Gardens,  has  modified  the  manner  of  starting  the  germination  and 
first  growth,  by  placing  each  seed  in  a  separate  bamboo  joint  filled  with  earth.  This 
joint  is  made  long  enough  to  allow  the  taproot  to  strike  downw^ard  undisturbed, 
and  when  the  time  comes  for  transplanting  it  can  be  transferred,  joint  and  all,  with- 
out any  fear  of  injury,  to  the  place  made  ready  for  it.  The  bamboo  is  then  cracked 
open  and  the  plant  inserted  in  the  ground  with  almost  no  disturbance  of  its  roots. 

The  Dutch  Government  in  Java,  having  many  seed-bearing  trees,  is  now  deeply 
engaged  in  carrying  out  a  programme  which  contemplates  the  planting  of  some 
150,000  seeds  annually  until  at  least  1,000,000  trees  are  growing.  This  will  be  done 
on  extensive  Government  plantations  at  Tjipitir,  Java.  The  entire  management  is 
intrusted  to  Doctor  von  Romburgh,  director  of  the  Government  chemical  laboratory  at 
Buitenzorg,  who  has  a  corps  of  assistants  intrusted  with  testing  the  gutta-percha  con- 
tained in  the  seed-producing  trees,  in  order  that  none  but  the  best  stock  may  be  used. 

II.  Planting  from  self-sown  seedlings. — In  the  forests  both  of  Sumatra  and  Borneo 
the  natives  are  still  able  to  find  comparatively  large  numbers  of  self-sown  seedlings 
of  the  Palaquium  gutta  species.  These,  w^hen  carefully  taken  up  and  transplanted 
into  air-tight  boxes  provided  with  glass  covers  and  rich  earth,  can  be  packed  in  large 
numbers  in  a  comparatively  small  space  and  shipped  to  almost  any  desired  distance. 
For  instance,  60,000  such  seedlings  were  shipped  two  years  ago  from  southern  Borneo 
to  the  French  Congo,  via  Antwerp.  Those  plants  transported  from  Borneo  to  Sing- 
apore in  this  manner  are  doing  well  in  the  gardens  there.  The  German  Government 
is  planning  a  nursery  of  such  seedlings  in  the  tropical  possessions  in  Guinea. 

III.  Slipping  by  means  of  marcoUage. — As  neither  direct  slipping  nor  grafting  has 
ever  succeeded  with  gutta-percha  trees,  the  method  called  marcottage  was  tried  in 
Java  and  the  Malay  States  with  some  success.  This  consists  in  selecting  a  young 
straight  limb  from  a  large  tree,  and  at  the  point  where  the  roots  are  to  grow  the  bark 
is  removed  for  the  length  of  an  inch  around  the  entire  limb.  The  denuded  spot  is 
then  packed  with  rich  mud  which  is  held  in  by  a  coating  of  cocoanut  or  other  fibers 
(see  photograph).  If  the  mud  is  kept  moist,  and  only  if  this  is  the  case  can  good 
results  be  secured,  small  roots  will  generally  appear  in  three  to  nine  months,  when 
the  limb  can  be  cut  off  and  planted. 

The  principal  gutta-percha  plantations  now  under  cultivation  and  in  which  much 
useful  and  desired  experimenting  is  being  done,  are  located  at  Tjipitir  and  Buiten- 
zorg in  Java;  on  Rhio  Island,  at  Singapore,  and  Bukit  Timah  on  Singapore  Island,  on 
Penang  Island,  and  at  one  or  two  places  in  the  Federated  Malay  States.  Enough 
time  and  work  has  been  spent  to  demonstrate  most  conclusively  that  gutta-percha 
trees  can  be  raised  not  only  successfully,  but  also  without  much  trouble  or  great 
outlay  of  money,  and  all  the  nations  having  tropical  possessions  in  the  East,  except 
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the  United  States,  have  made  a  start  toward  gutta-percha  plantations,  lout  the  Dutch 
are  tlie  only  ones  so  far  who  have  gone  into  it  on  a  grand  seale,  and  unless  a})|)ear- 
anees  are  deceitful,  tliey  will  have  a  monopoly  on  the  ])lautation  of  the  gutta-percha 
of  the  future  as  sure  as  they  have  on  the  forest  gutta-i)eri'ha  of  the  present  day. 

S<^ I  EN  r I K 1 V    M ETil O i )S    O  V    i  "0 1 .  L ECTI N ( } . 

Modern  methods  of  collecting  gutta-percha  have  advanced  along  two  lines.  Need- 
less to  say  they  were  not  proposed  nor  carried  out  hy  tlie  wild  native  collectors  who 
are  unwilling  to  disi'ontinue  present  gains  in  favor  of  future  returns.  It  was  i)re- 
viously  remarked  tliat  tlie  gutta-percha  is  all  contained  in  the  bark  of  the  tree  and 
in  the  leaves.     The  problem  resolved  itself  into  either — 

(1 )  Extracting  some  of  the  gutta-percha  from  the  bark  and  leaves  without  injur- 
ing the  tree,  or 

(2)  Felling  the  tree  and  securing  the  gutta-percha  from  all  of  the  bark  and  U^aves. 
To  carry  out  the  first  proposition  a  method  was  devised  similar  to  that  used  in 

South  America  for  extracting  rubl)er  milk,  by  which  incdsions  were  made  in  the  bark 
in  a  slanting  dire(;tion  up  and  down  the  trunk  (see  photograi)h  tig.  40),  so  cut  that 
the  gutta-percha  ducts  were  opened  but  no  injury  d(uie  to  the  inside  wood  of  the  tree. 
The  milk  flowed  out  to  a  greater  or  less  extent  and  coagulated  in  strings  on  the  bark. 
After  ihii  flow  had  ceased  and  complete  coagulation  set  in  (one  day),  the  springs  of 
gutta-percha  weie  pulled  off  by  hand,  washed  in  hot  water,  and  pressed  ii  to  cakes. 
The  advantage  of  this  method  was  that  no  injury  was  done  the  tree  alth  ugh  tapped 
rei)eatedly  (see  photograph,  fig,  42.).  The  disadvantage  lay  in  the  fiu-  that  only  a 
small  percent  of  the  total  gutta-percha  in  the  tree  could  be  extracted  a'  uny  one  time. 
AccMirding  to  Von  Romburgh's  latest  experiments  with  plantation  trees  {Palaquinm 
gidta),  about  15  to  17  years'  old,  the  yield  was  100  grams  (nearly  one-fifth  pound) 
per  tree.     The  gutta-percha  thus  secured  was  of  the  very  best. 

In  addition  to  the  amount  thus  taken  the  leaves,  both  from  the  living  and  dead 
trees,  contain  8  to  10  per  cent  weight  of  gutta-percha  calculated  to  the  dry  leaf.  To 
extract  this  gutta-percha  two  processes  have  been  devised. 

(a)  The  meclianical  one  in  which  the  leaf  is  ground  to  a  powder  and  then  treated 
with  hot  water  in  such  a  way  that  the  gutta-perclia  is  gradually  worked  into  a 
compact  mass,  wlule  the  pulp  of  the  leaf  is  washed  away,  l^j)  to  the  present  the 
process  has  not  been  perfected,  for,  although  the  gutta-percha  obtained  is  of  a  good 
quality,  the  percentage  of  recovery  is  smaller  than  it  should  l)e.  The  largest  factory 
of  this  kind  is  being  er(H^te<l  near  Singapore,  and  proposes  to  use  the  leaves  from  a 
plantation  of  100,000  trees  on  the  island  of  Rhio,  some  five  hours  from  Singapore. 

(?>)  The  chemical  process  is  carried  out  on  the  same  lines  as  the  mechanical  one, 
so  far  as  tlie  grinding  of  the  leaves  is  concerned.  The  ])owder  is  then  extracted 
witli  solvents  and  the  dissolved  gutta-percha  recovered  either  through  precipitation 
or  through  evaporation  of  the  solvent.  The  details  of  the  process,  as  well  as  tlie 
solvents  used,  are  kept  secret  and  no  patents  for  this  or  the  niec*hanical  process  have 
been  taken  out. 

The  largest  factory  producing  gutta-percha  for  the  market  is  located  at  Sarawak, 
North  l^orneo,  and  is  very  advantageously  situated  as  regards  securing  leaves  from 
the  surrounding  gutta-percha  forests.  It  has  been  claimed,  however,  that  the  fac- 
tory defeated  its  avowed  obj  >ct  of  preventing  the  destruction  of  the  trees,  for  the 
native  collectors  employed  would  never  risk  tlieir  lives  trying  to  collect  leaves  from 
forest  trees  over  100  feet  high,  when  they  could  gather  them  much  easier  by  felling 
the  tree  and  collecting  a  goodly  amount  of  gutta-percha  in  addition.  It  thus  appears 
that  the  supi)ly  of  leaves  must  come  from  a  plantation  where  supervision  can  be 
exercised. 

The  plan  of  felling  the  gutta-percha  trees  of  the  forest  and  securing  all  of  the  material 
from  the  bark  and  leaves  is  worthy  of  seiious  consideration.  In  the  first^  place,  the 
trees  are  surely  doomed  as  long  as  presevit  conditions  ol)tain.  If  the  native  can  sell 
the  entire  bark  and  leaves  for  more  than  he  could  get  for  the  gutta-percha  which  he 
could  extract,  he  will  be  tempted  to  bring  them  in.  A  second  inducement  for  this 
method  is  the  fact  that  many  gutta-percna  trees  cut  down  even  years  previously  have 
still  nmch  perfectly  sound  gutta-percha  in  the  rotting  bark,  which  could  also  be 
secured.  The  process  of  recovering  the  substance  from  the  bark  is  practically  the 
same  as  from  the  leaves,  and  about  the  same  per  cent  is  found  there  as  well.  With 
a  yield  of  10  to  15  times  the  present  amount  recovered  from  each  tree,  the  gutta- 
percha market  would  be  relieved  at  once,  and  the  extermmation  of  the  trees  put  off 
many  years,  long  enough  at  any  rate  to  allow  plantation  trees  to  take  their  place. 

A  large  amount  of  work  has  been  done  in  the  laboratory  with  the  purpose  of  find- 
ing a  |)ra(^tical  method  for  (Extracting  the  gutta-perctha  from  the  bark  and  knaves  of 
the  gutta-percha  trees.     The  process  calls  for  a  solvent  for  the  gutta-percha  which 
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will  dissolve  it  easily,  can  be  reeovered  and  again  used,  and  above  all,  has  no  dele- 
terious effiH'ts  on  tlie  su})stan('(\ 

The  result  of  tlui  ex})erini(intation  led  to  a  niodifR'ation  of  the  Oba(th  hardening 
method  for  gutta-percha.  The  i)rocess  consists  in  extracting  the  gutta-|)ercha  l)ark 
and  leaves  by  means  of  liot  gasoline,  the  apparatus  being  i)rovided  with  reflux  con- 
densers. When  the  gutta-percha  lias  entirely  dissolvecl,  the  solution  is  allowed  to 
stand  until  all  of  the  dirt  and  most  of  the  coloring  matter  has  settled.  Tlie  clear 
supernatent  li(iuid  is  then  poured  off  and  cooled  to  10°  or  15°  below  freezing.  The 
gutta,  with  a  small  amount  of  resin,  is  thereby  precipitated,  and  c^an  be  filtered  off 
through  cloth  bags  and  dried.  The  resulting  gutta  can  l)e  further  precipitated  l)y 
redissolving  in  distilled  gasoline  and  reprecipitating.  The  filtrate  containing  the 
dissolved  resins  is  redistilled,  and  the  recovered  gasoline  used  for  effecting  further 
solution  of  gutta-percha,  thus  making  the  process  continuous. 

The  gutta  so  secured  on  being  warmed  can  be  pressed  into  any  desired  form  for 
experimentation.  The  gutta  used  in  the  above  ex})eriments  was  so  prepared,  and 
the  results  of  their  physical  and  chemical  tests  show^ed  them  to  be  unaffected  by  the 
process  to  any  appreciable  extent.  A  year's  exposure  to  laboratory  fumes  has  not 
changed  the  substance  in  anyway.  The  accompanying  photograph  (fig.  43)  shows 
some  of  the  pressed  cakes  prepared  in  the  laboratory. 

It  is  to  be  noted  that  the  process  gives  practically  pure  gutta  and  not  gutta-percha, 
the  resins  remaining  dissolved  in  tlie  gasoline.  This  is  in  itself  a  great  advantage  as 
the  gutta  could  l)e  used  directly  for  bringing  up  the  percentage  in  inferior  grades  of 
gutta-percha,  and  so  make  them  suitable  for  cable  insulation.  The  commercial  value 
of  this  gutta  has  not  been  determined,  but  should  be  rated  at  about  $t)00  Mexican 
per  picul,  judging  from  the  price  of  the  best  gutta-percha.  In  this  way  3  piculs  of 
l*hili})pine  gutta-percha,  at  $210  Mexican,  will  produce  I  picul  of  pure  gutta  valued 
at  $600  IMexican,  or  a  gain  of  '|390  for  every  3  piculs  of  gutta-percha  (or  the  equiva- 
lent in  bark  and  leaves)  handled. 

PESTS    ANT)    PARASITES. 

An  instructive  bulletin  has  been  issued  by  Doctor  Zimmerman,  of  the  S'lands 
riantation,  at  Buitenzorg,  Java.  His  iield  of  observation  covered  the  large  experi- 
mental gardens  of  Buitenzorg  and  at  Tjipitir,  where  many  thousands  of  gutta-percha 
trees  of  various  species  are  now  growing.  While  the  same  conditions  do  not  obtain 
there  as  are  encountered  in  the  forest,  it  is  certain  that  they  are  as  liadly  if  not  w^orse 
off  on  account  of  the  multitude  of  insects  of  all  kinds  which  are  attracted  by  the  other 
plants  of  the  gardens.  In  fact,  he  considers  the  test  a  severe  one,  and  his  conclusions 
that  there  are  practicallv  no  insect  pests  that  might  be  considered  dangerous  is  very 
gratifying.  Cattle  and  goats  eat  the  leaves  greedily,  and  young  trees  must  therefore 
be  protected  until  high  enough  to  be  out  of  reach. 

J^\KT  2.— Rubber. 

HISTORICAL    AND    DESCRIPTIVE. 

Even  the  shortest  outline  presenting  the  subject  of  rulAier  in  its  historical,  geo- 
graphical, botanical,  and  commercial  asi)ects  would  be  beyond  the  scope  of  this  report, 
nor  does  the  part  which  the  Philippines  have  taken  in  its  production  or  are  likely  to 
take  for  several  years  to  come  warrant  anything  more  than  a  brief  explanation  ot 
the  present  state  of  the  rubber  industry  in  order  to  l)etter  understand  the  present 
conditions  here  and  the  future  possibility  of  tliese  islands  becoming  a  new  center  ot 
the  ever-increasing  rubber  industry.  ^  rr  •.    i  a^  ^  t 

Rubber,  or  india  rubber,  as  it  seems  best  known  in  the  Imited  States,  was  disco\- 
(>red  bvthe  Spaniards  in  the  second  voyage  of  Columbus.  The  Indians  ot  Haiti  were 
fcuiurplaying  with  rubber  balls,  which  they  said  were  formed  from  the  hardcmed 
milk  of  certain  forest  trees  on  the  island.  In  1755  Don  Jose,  King  ot  Portugal,  sent 
several  pairs  of  his  boots  to  South  America  t()  be  coated  with  ^^^^p^^^^^l?' .^£^  ;^ 
must  have  been  made  satisfactorily  waterproof,  for  the  rubber  industry  has  increased 

^X^aioi^las  Mley  of  the  Amazon  found  stocked  with  rubbertrees  and  vii^ 
but  new  species  were  discovered  in  Central  America  and  Mexiw)  as  well.  In  UM 
rid)be^^^^^  vines  and  trees  were  encountered  in  southern  Asia,  later  on  in  .cen- 

tal Africa  and  bv  the  middle  of  the  nineteenth  century  alinost  every  tropical  conn- 
trv  of  the  world  liad  been  searched,  and  the  search  has  not  been  in  \-Bin. 

The  number  o/^^^^^^^  and  species-even  the  families  representing  the  rubber 
plant^^nery  largi'  especially  because  the  production  is  not  confined  to  trees  alone 
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nor  to  any  one  country,  as  is  the  case  with  gutta-percha,  but  inchides  a  lar^e  luirnber 
of  vines  as  well,  and  its  area  of  production  is  x>nictically  that  of  tfie  tropical  world. 
While  rubber  trees  predominate  in  troj)ical  America,  Africa  and  Asia  ap[)arently 
draw  their  greatest  supply  from  vines.  Borneo  especially  is  rich  in  them  to  the 
exclusion  of  trees.  The  Philippines  were  said  to  contain  more  trees  than  vines,  but 
systematic  search  has  so  far  revealed  only  vines. 

Not  until  the  middle  of  the  last  century  were  the  manifold  uses  to  which  rubber 
could  be  applied  well  understood  and  the  rubber  industry  thoroughly  established. 
Statistics  show  that  London  imported  in  1830  some  46,400  pounds  ot  rubber,  and  by 
1870  this  had  increased  to  the  enormous  amount  of  L5, 211, 800  pounds  for  that  one 
year  alone.  Since  then  the  consumption  has  steadily  increased,  the  statistics  reading 
by  tons  and  not  pounds,  and  for  1902  amounted  to  some  62,650  long  tons.  London, 
tho  former  chief  center  of  the  rubber  trade,  has  retired  in  favor  of  New  York. 
While  tropical  America  in  the  beginning  produced  nine-tenths  of  the  rubber  supi)ly, 
it  now  exports  but  very  little  more  than  one-half  of  the  total  amount,  India,  Bur- 
ma, Borneo,  and  Central  Africa  especially  having  made  giant  strides  in  rubber  pro- 
duction. Last  year's  production  for  the  Malay  States,  Java,  and  TkDrnco  was  about 
1,000  tons.  In  this  was  included  the  amount  exported  from  the  Philippines.  How 
much  that  amount  was  there  is  no  way  of  finding  out,  nor  for  how  long  this  exporta- 
tion of  rubber  has  been  going  on.  My  investigations  in  the  southern  islands  con- 
vinced me  that  whatever  collecting  and  exporting  has  been  done  concerns  the  island 
of  Tawi-tawi  alone,  and  in  all  probability  the  amount  was  small.  This  (conclusion 
is  reached  because  only  the  natives  of  Tawi-tawi  know  of  the  connnerttial  value  of 
rubber,  and  also  because  I  found  rubber  vines  very  near  the  coast  of  Tawi-tawi,  a 
sure  indication  that  the  search  for  rubber  has  not  been  very  careful  nor  for  a  long 
time. 

The  Philippine  Islands  are  then  practically  a  new  Held  for  the  development  of  a 
rubber  industry.     It  will  be  my  purpose,  therefore,  to  sliow — 

(1)  The  species  of  rubber-producing  plants  indigenous  to  tlu'  islands  and  the 
amount  of  territory  covered. 

(2)  The  grade  of  rubber  produced. 

(3)  The  Philippines  as  a  rubber  producing  country. 
(a)  Through  utilization  of  natural  supply. 

{b)  Through  introduction  of  foreign  species. 

Reference  to  the  photographs  (figs.  45,  46,  and  47)  will  show  the  two  species  of 
vines  now  known  to  be  well  distributed  over  the  islands,  both  of  which  produ(*e  a 
good  grade  of  rubber.  Owing  to  my  inability  to  find  a  vine  in  fruit  or  flower,  one  of 
them  has  not  yet  been  determined  botanically.  Mr.  Merrill  contributes  the  follow- 
ing botanical  description: 

Paramena  philippinensis  Radlk  {Apocinacene). — An  evergreen  woody  vine,  reaching 
a  height  of  40  or  50  feet,  and  a  diameter  of  1  inch  or  less.  Bark  gray,  with  an  abun- 
dant milky  sap.  Leaves  opposite,  ovate,  acute  or  somewhat  acuminate,  glabrous,  2 
to  3  inches  long;  nerves  four  pairs;  ]>etioles  short.  Flowers  small,  white,  fragrant, 
in  ternunal  panicles.  Fruit  a  long,  slender,  distantly  torulose  follicle,  10  to  12  incthes 
long,  the  swellings  over  the  seeds  an  inch  apart.  Seeds  one-half  of  an  inch  long, 
brown,  coma  white,  al)out  twice  as  long  as  the  seed, 

Apodnacex  (genus  undetermined,  specimen  with  leaves  only,  from  the  island  of 
Basilan). — A  very  large  vine  150  to  200  feet  in  length,  with  a  dianieterof  6  to  8  inches, 
the  bark  somewhat  rough,  greenish.  Leaves  broadly  ovate  or  orbicular,  abruptly 
very  shortly  acuminate,  the  acumen  less  than  one-half  inch  long,  8  to  10  inches  long, 
glabrous  above,  pubescent  on  the  nerves  beneath,  the  nerves  prominent,  about  ten 
pairs. 

It  has  already  been  stated  that  no  rubber-producing  trees  have  been  found.  That 
is  to  say  a  great  many  species  of  trees  have  been  discovered  which  are  known  to  pro- 
duce a  milk  or  latex,  and  while  none  so  far  studied  contained  rubber,  it  is  scarcely  to 
be  supposed  that  when  material  from  all  has  been  collected,  some  at  least  will  not 
be  found  to  yield  a  good  product. 

The  extent  of  territory  covered  by  these  two  rubber  vines  is  given  by  map  No.  2. 
While  the  Panameria  is  found  in  Mindoro,  Culion,  and  the  other  nortliern  islands, 
the  undetermined  species  was  found  on  Tawi-tawi,  Basilan,  and  Mindanao,  The 
extent  of  territory  covered  in  these  various  places  was  estimated  after  extensive  per- 
sonal investigations  when  all  available  data  had  been  secured  from  natives,  mer- 
chants, etc.  In  the  northern  islands,  excepting  Mindoro,  the  area  covered  is  given 
as  reported  by  those  who  found  specimens  of  the  vine.  There  is  every  reason  to 
believe,  however,  that  careful  investigations  would  show  much  larger  areas.  In 
Mindoro  the  natives  in  all  the  coast  towns  knew  the  rubber  vine  ''Dactang  ajas" 
(medicine  for  snakes)  and  many  of  them  brought  us  samples  from  the  neighboring 
forest.    They  all  reported  large  numbers  of  vines  in  the  interior  of  the  island,  and 
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the  three  expeditions  made  tliere  from  the  north,  west,  and  south  Hides  confirmed 
tfKMr  {statements. 

In  Mindanao  the  two  areas  given  between  Dinas  and  Tucuran,  in  the  mountains 
near  the  south  coast,  are  the  only  ones  known  so  far,  and  even  these  were  only  found 
hy  accident  The  natives  knew  notliing  of  rubber,  but  they  had  a  vine  which  con- 
tained a  imlky  substance,  good  either  as  a  medicine  orior  making  the  heads  of  their 
druni  sticks.  On  securing  a  ])iece  of  this  peculiar  substance  from  the  latter  it  was 
tound  to  be  a  good  sample  of  rubber.  Further  explorations  to  the  west  and  east  will 
])robably  prove  that  this  vine  covers  about  the  same  area  as  that  occupied  bv  the 
gutta-percha  trees. 

InBasilanand  Tawi-tawi  the  vine  grows  alnindantlv  and  to  a  large  size.  In  the 
atter  island  the  Moros  understand  its  commercial  value,  and  those  engaged  in  col- 
lecting gutta-[)ercha  gather  rubl)er  at  the  same  time,  sometimes  mixinjr  the  rubber 
and  gutta  milk. 

THE    GRADE    OF    RUBBER    PROniTCEl). 

Rubber  milk  or  latex  is  contained  in  the  bark  of  certain  vines  and  trees  in  exactly 
the  same  manner  as  is  gutta-percha  (see  tig.  48).  When  made  to  flow  the  same 
phenomenon  of  coagulation  apparently  sets  in  quickly  or  slowlv,  according  to  the 
species  ot  the  plant.  In  many  species  of  trees  the  coagulation  is\^ery  slow  and  the 
tlow  of  imlk  more  abundant  than  with  gutta-percha  trees.  As  a  result  the  natives 
have  evolved  the  method  of  tapping  the  trees  similar  to  that  shown  in  fig.  49.  The 
milk  thus  secured  is  coagulated  in  a  manner  similar  to  that  emploved  with  gutta- 
percha. ^ 

Another  method  which  seems  to  give  the  best  results,  and  which  is  employed  in 
the  preparation  of  Para  rubber,  consists  in  subjecting  thin  laversof  the  milk,  placed 
on  the  broad  end  of  a  ])addle,  to  the  coagulating  action  of  smoke  produced  by  burn- 
ing certain  husks  whu4i  are  similar  to  those  of  cocoanuts.  The  smoke  contains  creo- 
sote and  acid  fumes,  which  quickly  destroy  all  fungus  growths  and  bacteria  which 
might  tend  to  cause  decomposition  of  the  rubber,  while  the  heat  removes  the  greater 
part  of  the  moisture  at  the  same  time. 

A  chemical  analysis  of  many  grades  of  rubber  coming  from  different  species  of  trees 
and  vines  shows  them,  with  the  exception  of  variable  amounts  of  water  and  dirt,  to 
l)e  composed  almost  entirely  of  rubber,  with  a  small  per  cent  of  resins.  The  rubber 
m  all  has  api)arently  the  same  chemical  composition,  an  ultimate  analysis  giving  the 
formula  CioHig.  Chemically,  then,  there  appears  to  be  only  one  rubber,  while  phys- 
ically certain  differences  are  to  be  found  between  samples  from  different  species. 
Whether  the  superiority  of  Para  rubber  is  due,  therefore,  to  the  excellency  of  the 
rubber  itself  or  to  the  al)ove-mentioned  method  of  coagulation  has  not  yet  been 
determined.  However,  it  is  a  fact  that  Para  rubber  from  the  tree  species  Ilevea 
trasiheims  Mull.  Arg.  is  recognized  as  the  standard  for  grading  rubber  commercially. 

It  will  be  noted  that  tlie  method  before  mentioned  is  one  requiring  skill,  judgment, 
and  the  expenditure  of  considerable  labor.  In  most  rubber  countries  the  native  col- 
lectors })ossess  none  of  these  requisites  and  are  content  to  employ  the  crudest  methods. 
In  consequence  the  rubber  obtained  is  of  a  low  grade,  even  though  the  species  of 
tree  is  of  the  best. 

The  Pliihppine  rubber  collectors  are  Samal  and  Joloano  Moros,  living  in  Tawi-tawi 
and  the  adjacent  coral  islands.  The  method  of  coagulation  used  by  them  was 
undoul)tedly  learned  from  the  Moros  of  north  Borneo,  who  with  the  Dyaks  collect 
much  of  the  rubber  in  that  island.  It  consists  in  first  pulling  the  vine  down  to  tlie 
ground  so  as  to  be  better  able  to  tap  it  along  its  entire  length.  The  milk  is  caught 
ill  cocoanut  shells  or  leaves,  and  coagulated  by  pouring  into  sea  water.  The  coagula- 
tion is  almost  instantaneous,  and  when  properly  manipulated  a  large  amount  of  water 
can  be  mechanically  inclosed  inside  the  large  balls  along  with  plenty  of  chopped-up 
l)ark.  The  resulting  rubber,  of  which  I  secured  many  samples,  is  white,  tough,  and 
very  elastic  so  long  as  it  is  kept  in  sea  water.  On  exposure  to  the  air  it  blackens, 
and  decomposition  slowly  sets  in. 

The  chemical  analysis  of  a  sample  of  this  rubber,  after  much  of  the  rlirt  and  water 
had  been  removed,  resulted  as  follows: 

Per  cent. 

I^irt 3.76 

Rubber 81.57 

Resins _ 3. 10 

Water ,.;;;.'  ii'.5i 

Judging  from  this  analysis  the  rubber  in  Singapore  would  be  rated  as  Borneo  No.  1 , 
which  sells  for  |125  Mexican  per  picul  of  i:^3  pounds. 
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The  vines  generally  die  after  V>eing  pulled  dowJi  and  tapped,  prol)ably  btM-anne  of 
their  inabihty  to  again  reach  Ught  and  Hitnshine. 

Tlie  rabl>er  from  the  Mindoru  Hpeeies  has  never  apparently  been  gathered  in  any 
quantities  even  by  tiie  natives.  When  the  bark  is  cut  the  milk  Hows  readily  and 
coagulates  quickly.  In  appearance  it  is  very  similar  to  the  Taw  i-tawi  rubber.  As 
yet  no  chemical  analysis  has  been  made.  In  order  to  get  a  valuation  of  it  a  sample 
was  submitted  to  the  Goodyear  Rubber  Company,  of  Akron,  Ohio,  who  placed  it 
at  about  60  cents  per  pound,  after  allowance  is  made  for  the  percentage  of  water. 
Larger  samples  of  both  kinds  of  rubber  are  now  being  prepared  in  tlie  laboratory  in 
order  that  tliey  may  be  submitted  simultaneously  to  rubber  ex})ert8. 

THE   FIIIIJPPINKS    AS    A    IIUBBER-PIIODUCINO    CK>UNTKV. 

(o)  Thorough  tiiilization  of  the  natural  supply. — Judging  from  the  way  the  natives  of 
Tawi-tawi  gathered  rubber  when  left  to  their  own  devices  I  was  ccmvinced  that  they 
wasted  as  large  amounts  of  the  milk  as  they  did  when  they  collected  gutta-percha — 
that  is,  ten  to  forty  times  more  than  they  took  away.  It  is  evident  then  that  under 
present  conditions  the  history  of  the  rubber  vines  will  be  the  same  as  that  of  the 
gutta-percha  tiees,  only  on  a  smaller  scale.  It  is  useless,  in  my  opinion,  to  think  of 
tapping  them  only,  for  an  inspection  of  their  tortuous  wdndings  up  and  around  the 
high  forest  trees  (see  tig.  50)  will  show  the  impossibility  of  ever  collecting  the  milk, 
no  matter  how  carefully  the  tapping  w^ere  done. 

To  get  the  full  value  from  the  vine  the  rubber  must  be  extracted  from  the  entire 
bark.  Experiments  along  that  line  are  now  in  progress  in  the  laboratory  and  so  far 
promise  well.  If  the  entire  vine  be  cut  into  pieces  and  dried,  the  bark  easily  sepa- 
rates from  the  wood  and  forms  44  per  cent  of  the  entire  plant.  By  grinding  the  bark 
in  any  ordinary  mill  the  rubber  separates  in  the  form  of  small  balls  while  the  bark 
passes  off  as  powder.  The  dried  bark  contains  9  to  10  per  cent  by  weight  of  pure 
rubber  (see  fig.  48),  which  shows  this  substance  to  be  about  4  per  cent  of  tlie  entire 
vine.  The  other  (conditions  and  details  will  be  investigated  by  the  laboratory  with  a 
view  of  determining  methods  which  will  make  possible  the  investment  of  American 
capital. 

It  is  true  that  the  method  of  collecting  rubber  given  above  kills  the  vine.  Tlie 
answ^er  to  this  objection  is  found  in  the  fact  that  when  the  vine  has  been  cut-off  the 
roots  stool  again  (juickly.  On  a  hillside  in  Mindoro,  where  the  natives  had  burned 
the  forest  for  the  purjjose  of  planting  rice,  scores  of  stools  from  rubber  vines  were 
counted  while  the  fire  was  yet  smoldering  in  some  of  the  old  stumps  and  roots  of 
the  large  trees. 

(h)  ThroiM/h  introduction  of  foreign  species  of  rubber  trees. — It  was  stated  previously 
that  no  rubber  trees  were  found  in  the  islands.  Exception  should  l)e  made  to  the 
l)eautiful  specimens  of  the  india-rubber  tree  {Flcus  elastica  IJnn.)  which  were  intro- 
duced throughout  the  an^hipelago  by  the  Spanisli  years  ago  as  ornamental  sliade 
trees  rather  than  as  rubber  producers.  They  are  excellent  examples  of  the  way  for- 
eign species  of  rubber  trees  will  grow  here,  and  may  also  serve  the  still  better  pur- 
pose, that  of  furnishing  seeds  and  slips  to  start  rubber  plantations.  Many  plantations 
of  this  tree  have  been  begun  in  Java,  the  reasons  for  the  selection  of  this  species  l)eing: 
(1)  The  seeds  are  numerous  and  the  plants  will  grow.  (2)  The  method  of  starting 
new  plants  by  marcottage  (see  tig.  38)  succeeds  very  well  and  the  plants  have  vigorous 
growth  (see  fig.  51).  (3)  The  method  of  coagulation  be^t  suited  for  this  milk  is  the 
simplest  of  all.  It  consists  of  making  many  small  cuts  in  the  bark  of  the  trunk  and 
allowing  the  outflowing  milk  to  coagulate  in  strings.  When  dry  and  hard  they  are 
pulled  off  and  pressed  into  a  compact  mass  (see  mass  of  rubber  on  the  left,  tig.  52) 
for  shipment.  The  work  can  be  done  by  even  ignorant  workmen  and  with  no 
damage  to  the  tree. 

In  the  Malay  States  a  great  many  plantations  are  now  being  started  with  Para 
rubber  trees,  the  seeds  of  which  are  secured  from  the  various  government  botanical 
gardens  as  well  as  from  private  plantations  (see  fig.  54).  One  of  this  species  of  trees 
is  now  growing  in  Manila  and  apparently  the  climate  is  suitable.  The  bureau  of 
agriculture  has  distributed  many  Ceara  rubber  seeds  during  the  past  year  and  the 
growth  of  the  seedlings  is  marvelous. 

In  general  the  climatic  conditions  of  most  of  the  islands  seem  very  favorable  for 
the  rubber  industry.  Mindoro  and  the  southern  islands  especially  are  advantageous 
on  account  of  the  abundant  rainfall  distributed  throughout  the  year  with  no  long 
season  of  drought. 

What  pests  and  parasites  the  rubber  trees  would  be  troubled  with  can  only  be  con- 
jectured by  reference  to  the  experiences  of  Java,  etc.  Doctor  Zimmerman  extended 
his  work  on  parasites  to  include  rubber  trees  and  has  found  one  or  two  species  of 
insects  that  may  cause  damage.     Cattle  and  goats  must  also  be  guarded  against. 
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It  is  needless  to  dwell  on  the  commercial  side  of  rubber  plantations.  They  are 
now  flourishing  in  all  tropical  countries  and  as  an  agricultural  investment  are  highly 
considered.  However,  in  all  new  countries  a  certain  amount  of  experimental  work 
must  be  done  before  large  capital  can  be  safely  invested.  In  India,  Burmah,  the 
Malay  States,  and  Java  this  has  been  accomplished  by  the  respective  governments. 

As  soon  as  methods  were  perfected  and  seed  supplies  provided,  private  capital 
began  operations  at  once.  From  the  number  of  inquiries  already  made  about  rubber 
planting  in  these  islands,  it  would  look  as  if  some  movements  in  this  direction  are 
contemplated  here,  investors  only  waiting  for  the  Government  to  pave  the  way.  By 
profiting  from  the  extensive  experience  of  our  neighboring  countries  the  experi- 
mental era  should  be  short  and  inexpensive,  as  a  great  deal  of  the  pioneer  work  has 
been  done. 


Exhibit  C. 

BEFOBT  OF  BB.  EIGHABB  F.  STBONO,  DIBEGTOB  OF  THE  BIOLOGICAL  LABOBA- 
TOBY,  COVEBINO  THE  PEBIOB  FBOM  AXTGXTST  31,  1902,  TO  AXJOTIST  31,  1903. 

CLINICAL  LABORATORY   WORK   FOR  GOVERNMENT    INSTITUTIONS   AND   FOR  PRIVATE 

PHYSICIANS. 

During  the  past  year  a  greatly  increased  demand  has  been  made  upon  the  labora- 
tory for  clinical  work,  the  total  number  of  examinations  performed  from  August  31, 
1902,  being  6,535,  as  against  3,816  for  the  previous  year.  Table  No.  VI  will  give  an 
idea  of  the  number  and  character  of  the  specimens  submitted  for  diagnosis.  It  is 
interesting  to  consider  for  a  moment  the  tables  showing  the  results  of  these  analyses 
from  a  statistical  point  of  view.  Thus  from  No.  VII  it  may  be  seen  that  in  the  study 
of  the  sputa  of  patients  suspected  to  be  tuberculous,  244  of  whom  were  natives  and 
72  Caucasians,  tubercle  bacilli  were  found  more  than  four  times  as  frequently  in  the 
former  as  in  the  latter.  The  great  number  of  examinations  of  sputa  for  natives  sus- 
pected to  be  phthisical  in  excess  of  that  performed  for  white  people  also  suggests 
the  more  extensive  prevalence  of  pulmonary  tuberculosis  among  the  former.  From 
the  same  table  it  is  evident  that  at  least  1.2  per  cent  of  the  inmates  of  Bilibid  Prison 
are  suffering  with  phthisis,  tubercle  bacilli  having  been  isolated  from  31  cases.  On 
the  other  hand,  Table  No.  VIII  might  lead  us  to  concbide  that  the  w^hite  race  is 
more  susceptible  than  the  native  to  typhoid  and  malarial  fevers;  however,  compara- 
tively few  cases  of  either  of  these  diseases  have  occurred  during  the  past  year  either 
in  government  institutions  or  indeed  in  the  city  as  a  whole. 

Table  No.  VI  shows  that,  in  spite  of  the  continuous  effort  to  diminish  the  number 
of  cases  affected  with  gonorrhea,  1,581  bacteriological  examinations  of  prostitutes 
have  shown  infection  with  the  disease  during  the  year,  this  number  being  37  per  cent 
of  the  total  number  of  examinations  (4,269).  However,  if  we  consider  the  statistics 
of  cases  encountered  during  the  past  three  months,  we  find  that  less  than  33  per  cent 
of  those  examined  are  diseased.  During  the  previous  year,  out  of  1,142  prostitutes, 
447,  or  about  39  per  cent  of  the  total  number,  were  found  to  be  infected.  These 
figures  demonstrate  with  striking  force  how  important  and  necessary  it  is  that  we 
continue  our  efforts  to  restrict,  or  if  possible  to  suppress,  this  great  scourge  in  the  city 
of  Manila. 

Table  No.  IX  gives  one  some  idea  of  the  intestinal  parasitic  diseases  prevailing  in 
the  islands  and  of  the  proportion  of  amebic  dysentery  to  other  intestinal  maladies, 
the  former  comprising  at  least  one-sixth  of  the  total  number  of  such  enteric  diseases. 
These  figures,  however,  may  in  one  respect  be  somewhat  misleading,  as  many  of  the 
specimens  of  feces  from  cases  of  intestinal  disorders  sent  to  the  laboratory  for  exam- 
ination have  been  unfavorable  for  the  observation  of  amebae,  owing  to  the  fact  that 
the  specimens  were  either  too  old  or  mixed  with  substances  deleterious  to  sarkodina. 
From  these  lacts,  therefore,  and  particularly  from  clinical  studies  previously  made, 
it  seems,  more  than  likely  that  amebic  dysentery  constitutes  considerably  over  one- 
sixth  of  all  intestinal  dsturbances  in  and  near  this  city.  Uncinariasis  apparently 
ranks  next  to  dysentery  in  prevalence. 
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Tablk  No.  VI. — Clinical  laboratory  examinations. 


Civil  Hospital. 

Bilipid  Pris 

>on. 
T. 

San  Lazaro  H( 
P.            N. 

spital. 

^ 

P. 

20 

N. 

T. 

P. 

31 

N. 
169 

T. 

Sputum 

76 

96 
167 

186 

246 

68 

50 

541 

200 

Urine 

Malaria,  blood  for 

17 

169 

0 

45 

45 
2 
1 

Blood  counts 

Serum  reactions 

5 

r>3 

63 
17 

0 

1 

Gonococei 

729 

1,006 

1  735 

Feces 

177 

Total 

1,354 

425 

1  735 

Sarapaloc  district. 

Private  physi 

cians. 
T. 

20 
68 
11 
11 
3 
3 
31 

Totals. 

P. 

N. 

T. 

P. 

16 

P. 

N. 

T. 

Sputum 

5 

66 

260 

316 

235 

Urine 

Malaria,  blood  for 

4 

7 

21 

221 

242 

Blood  counts 

. 

259 

Serum  reactions 

6 

3 

3 
0 

6 
1,581 

67 
2,688 

72 

Gonococei 

816 

1,665 

2,481 

4,269 
749 

Feces 

Pseudo  farcy 

6 

Glanders 

3 

Surra 

24 

iis 

139 

Necropsies 

200 

Miscellaneous 



46 

"   [     " 

Total 

2,481 

147 

6,535 

P  =  examinations  showing  organisms  (positive).    N  =  examinations  showing  absence  of  organisms 
(nega  tive ) .    T  =  total . 


Table  No.  VII. — Microscopic  examination  of  urine  and  sputum. 


Native. 

Foreign. 

Total. 

Urine: 

Civil  hospital 

21 

40 

146 

28 

167 

Private  phvsicians 

68 

Total 

61 

174 

235 

Native. 

Foreign. 

Total. 

Grand 

P. 

15 
27 

4 

N. 

31 

163 

14 

P. 

5 
4 
1 

N. 

P. 

N. 

total. 

Sputum  for  tuberculosis: 

Civil  hospital 

45 

20 
31 
5 

76 
169 
15 

96 

Bilibid  prison 

200 

Private  physicians 

20 

Total 

46 

198 

10 

62 

56 

260 

316 
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Table  No.  YIIT, — Blood  examinations. 


Civil  Hospital. 

Bilibid  Prison. 

Native. 

Foreign. 

Native. 

Foreign. 

P. 

N. 

T. 

P. 

N. 

T. 

2 
55 

2 
150 

2 
151 

P. 

N. 

T. 

9 
1 

P. 

N. 

T. 

Hemoglobin 

Krvthrocytes,  coinit 

9 
1 

26 
1 

35 

Krythrocytes,  count  difference 

LeucocyteH,  count 

1 

Leu(X)CVtes,  count  difference  . . 

Malaria 

43 

2 

Tertian 

2 
1 

33 
34 
35 

5 
9 

146 
142 
151 

51 



Estivo-aiitumnal 

Quartan 

Serum  reactions: 

Typhoid  fever 

8 

4 

55 
3 
2 

1 

1 

Malta  fever 

Dysentery 

1 

1 



Trypanosomiasis 



80 





Total 

420 

55 

2 

Private  physicians. 

Total. 

Native. 

Foreign. 

Native. 

Foreign. 

Total. 

1\ 

N. 

T. 

P. 

N. 

T. 

P. 

N. 

T. 

P. 

N. 

T. 

Hemoglobin 

9 
11 
1 

28 
1 
80 

2 

56 
3 

154 
5 

162 

n 

Krythrocytes,  count 

1 

1 
1 
4 
3 
9 

.... 

67 

Erythrocytes,  count  difference 

4 

Leucocytes,  count 

1 

182 

Ijcucocytes,  count  difference 

6 

Malaria 

2 

242 

Tertian 

4 

2 

9 

Estivo-autnmnal 

Quartan 

Serum  reactions: 

Typhoid  fever 

1 

^ 

.... 

2 

2 

10 

10 

4 

43 

57' 
3 
2 

67 

Malta  fever 

3 

Dysentery 

1 

1 

s 

Try  panosomiasis 

Total 



5 

20 

140 

444 

fS4 

Table  No.  IX. — Examination  of  feces. 
[(N.)  Native.    (F.)  Foreign.    Total  feces  examinations-  made:  Native,  212;  foreign,  537;  total,  749.] 


Parasites. 

Civil  Hos- 
pital. 

Bilibid 
Prison. 

Private 
physicians. 

Total. 

Per  cent 
positive. 

N. 

F, 

N. 

F. 

N. 

F. 

N. 

F. 

N. 

F. 

Amoebfe 

2 
4 

70 
61 

1 

23 
22 

3 

51 
13 
1 
6 
13 
4 

3 

1 

5 
10 

54 
17 

1 

11 
17 

9 

78 
71 

1 

27 
24 

3 

25 
8 
.4 
.5 
.8 
.4 

14 

Monads 

13 

Strongyloides  intestinalis 

2 

Trich.  dispar 

6 
4 
4 

1 

3 
2 

.5 

4 

Uncinaria 

Ascaris  lumb 

1 

.5 

Ticnia 

Balantidium  coli 

2 
1 

2 

1 

• ■ - -g- 

13 

2 
17 
5 
3 
2 
4 
5 

4 
4 



...„. 

.4 
.9 
.9 

.1 

3 

Megastoma  enter , 

2 

Trichomonas  and  ascaris  lumb 

1 
1 
2 
2 
1 

1 
1 
2 
2 
3 
....„ 

Trichomonas  and  uncinaria 

2 
10 
2 
14 
2 
2 
2 
1 
4 

3 
2 

...... 

3 
3 

9 

Amoebae  and  monads 

2 

Amoebse,  trichomonas,  and  uncinaria. . 

3 

Small  amoebsB      

2 
...... 

2 
2 
1 

1 
1 

g 

Uncinaria  and  ascaris  lumb            .  ... 

'9 

Amopbfe  monads  and  uncinaria  .... 

5 

Trichoiponas, monads,  and  uncinaria.. 

.3 

Amoebc©  and  uncinaria. 

3 

7 

Monads  and  uncinaria 

1 

.9 

Amcebfe,  monads,  uncinaria,  and  tri- 
chocephalus  dispar 

.]..]. 

1 
1 

.7 

Small  and  large  amoebae 

1 

1 

1 

7 

Figures  given  are  those  found  positive. 
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Table  No.  X. — Necropsies. 
Plague:  Native. 

SepticaMiiie 12 

Bubonic 71 

Pulnioiiie 10 

Cholera 63 

Beriberi 2 

Smallpox 1 

Leprosy 2 

Malta  fever 1 

Dysentery 5 

Miscellaneous 39 

Total 200 

OTHER   ROUTINE   WORK. 

In  addition  to  the  clinical  laboratory  work  there  have  been  performed  for  the  board 
of  health  206  necropsies  for  the  diagnosis  of  contagious  and  infectious  diseases,  a 
number  of  examinations  for  the  diagnosis  of  animal  diseases,  such  as  surra,  glanders, 
psendofarcy,  hemorrhagic  septicaemia,  etc.,  and  analyses  of  potable  and  mineral  waters 
(many  of  which  have  l)een  condemned  as  a  result),  as  well  as  a  considerable  number 
of  ndscellaneous  examinations. 

The  examination  of  rats  for  infection  with  Bacillus  pestis  huhomcw  has  been  con- 
tinued by  the  laboratory  during  the  year.  Out  of  1,623  rats  examined,  one-sixteenth 
of  1  percent  were  found  to  l)e  infected  with  this  organism,  as  compared  with  0.34  per 
per  cent  during  the  previous  year.  The  value  and  importance  of  these  examinations 
were  explained  in  the  report  for  the  year  1902.  During  the  i)ast  year  the  laboratory 
has  encountered  98  fatal  cases  of  plague,  71  of  which  w^ere  of  the  bubonic  type,  12  of 
the  septi(;femic,  and  10  of  the  pulmonic.  About  one- third  of  these  occurred  in 
women,  the  ages  of  the  victims  varying  from  2  to  72  years.  There  have  been  75 
autopsies  performed  upon  cases  of  Asiatic  cholera,  one-third  of  which  were  upon 
females.  It  has  not  been  thought  advisable  to  give  here  the  detailed  statistics  of  the 
anatomical  lesions  found  in  the  plague  and  cholera  necropsies. 

BACTERIOLOGIC   EXAMINATIONS   OF   WATER. 

During  the  year,  as  already  stated,  numeious  bacteriologic  analyses  of  drinking 
water  have  been  performed.  In  a  large  number  of  w^ells  examined  4  showed  the 
presence  of  Spirillum  cholerx  asiatiae,  and  as  a  result  of  these  examinations  the 
wells  in  question  were  promptly  closed  by  the  board  of  health.  In  several  other 
cases  well  waters  have  been  condemned  as  unfit  for  drinking  purposes,  either  on 
account  of  the  presence  of  excessive  numbers  of  bacteria  or  because  they  contained 
organisms  of  the  colon  typhoid  group. 

The  question  of  the  quality  of  the  drinking  water  used  in  the  city  of  Manila  has 
always  been  an  important  one.  In  my  report  of  the  previous  year  I  called  attention 
to  the  fact  that  this  water  frequently  showed  the  presence  of  varieties  of  Sarkodina 
and  Mastigophora,  demonstrating  how  unsafe  it  was  for  drinking  purposes  until  it 
had  been  thoroughly  boiled  or  filtered.  At  certain  periods  of  the  year  this  water, 
even  from  a  bacteriological  standpoint,  is  far  from  what  should  be  desired.  Proba- 
bly the  majority  of  the  white  population  of  Manila  avoid  using  it  unless  it  has  been 
boiled,  filtered  or  distilled.  The  practice  of  many,  as  is  w^ell  known,  is  to  obtain 
their  daily  supply  of  water  from  some  distilling  plant,  or  to  boil  the  city  water, 
afterwards  placing  it  in  receptacles  on  ice.  As  it  is  often  a  difficult  matter  to  keep 
these  receptacles  sterile,  on  account  of  the  carelessness  or  ignorance  of  those  (usually 
servants)  who  attend  to  them,  the  water  in  one  way  or  another  becomes  infected 
in  a  great  many  cases,  so  that  at  the  end  of  from  twelve  to  twenty-four  hours  it  is  no 
longer  fit  to  drink,  either  from  the  fact  that  it  contains  an  excessive  number  of  bac- 
teria or  because  amoibaB  are  present  in  such  large  numbers  as  to  be  visible  simply 
upon  microscopic  examination.  With  a  view  to  furnishing  the  public  with  some 
safe  means  of  preparing  drinking  water,  and  in  particular  for  those  who  are  obliged 
to  travel  in  the  provinces  where  at  times  it  is  difficult  to  obtain  pure  water,  it  was 
thought  advisable  to  undertake  experiments  in  order  to  find  some  simple  and  practi- 
cal method  of  sterilizing  watc^r  witli  chemical  substances. 

The  following  report  of  Dr.  W.  B.  Wherry,  pathologist  in  this  laboratory,  seems  to 
demonstrate  that  benzoyl -acetyl  peroxide  is  valual)]e  in  the  sterilization  of  drinking 
water  against  bacteria  under  certain  conditions.    This  report  is  herewith  submitted. 
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THE    USE   OF   ACETOZOxVK    ( BENZOYL-ACETYL  PEROXIDE)    IN   THE   STEKILIZATION    OP    WATER 

FOR   DRINKING    PURPOSES. 

(Dr.  W.  B.  Wlierry,  pathologint,  biological  laboratory.) 

The  followin^^  experimeJiis  were  performed  to  determine  a  safe  and  yet  sufficiently 
small  amount  of  acetozone  necessary  to  render  Manila  tap  water  fit  for  drinking 
purposes; 

The  method  em])Ioyed  was  that  commonly  used,  viz,  adding  a  known  quantity  of  the 
germicide  to  a  definite  (juantity  of  water,  allowing  it  to  act  for  a  definite  period,  plat- 
ing a  constant  quantity  of  the  mixture,  and  counting  the  colonies.  Control  plates 
of  tap  water  were  made  in  each  case. 

In  certain  instances  where  growth  resulted  the  general  character  of  the  organisms, 
with  reference  to  whether  they  were  spore  forming  or  not,  was  determined  after 
forty-eight  hours  })y  microscopical  examination.  A  1 : 1,000  solution  of  acetozone,  pre- 
pared every  morning,  was  used  each  day.  Control  counts  showed  the  presence  of 
between  100  and  800  bacteria  per  cubic  centimeter. 

As  shown  by  Table  XI,  acetozone  added  to  tap  water  in  the  strength  of  1:  10,000, 
1:30,000  and  1:()0,000,  destroyed  the  majority  of  the  organisms  present.  Those  sur- 
viving its  action  were  chiefly  molds,  spore,  forming  organisms  of  the  bacillus  subtilis 
type,  and  a  few  cocci.     Its  action  was  more  marked  in  five  minutes  than  in  one. 

Table  XI. 


C'liaract^T  of  colonies. 


Spore-bearing  bacilli  and  molds 

Spore-bearing  Tiacilli  and  a  few  t;ocei 
Spore-bearing  l>acilli  and  molds 

Do 

Spore-bearing  bacilli 

Do 


Amount  of 
acetozone 
present. 


1:10,000 
1:10,000 
1:10,000 
1:30,000 
1:30,000 
1:30,000 
1:60,000 
1:60,000 
1:60,000 
1:10,000 
1:10,000 
1 : 10, 000 
1:80,000 
1:30,000 
1:80,000 
1:60,000 
1:60,000 
1:60,000 
1:60,000 


Amount  of 
water 
plated. 


Time  of 
action  in 
minutes. 


Number  of  colonies 
present  in— 


24  hours.   48  hours. 


14 
4 

6 
4 
6 
1 
Many. 
4 
6 
2 
5 
1 
3 


(^) 


(") 


(^0 


17 
10 
9 
6 
9 
4 

8 
9 
2 
15 
4 

8 

8 


a  Overgrown. 

In  order  to  determine  more  definitely  its  action  on  such  nonspored  organisms  as 
B.  typhosus,  B.  dysentevLr,  and  Sp.  choleric  asiativn',  which  have  about  the  same  powd- 
ers of  resistance  to  destructive  agencies,  a  further  test  was  made. 

Tliree  hundred  cubic  centimeters  of  tap  water  was  placed  in  each  of  two  clean  flasks 
and  sterilized  in  the  autoclave  at  135°  C.  When  cool  1  cubic  centimeter  of  a  20-hour 
old  culture  of  B.  fj/phosns  in  bouillon  was  added  to  eacli  flask  in  the  proportion  of 
1:80.000  and  1:60,000,  respectively.  One  cubic  centimeter  of  this  emulsion  w^as 
plated  in  agar  melted  and  cooled  to  40''  to  50^"  C.  at  intervals  of  five,  ten,  and  thirty 
minutes. 

Table  XII. — Tap  water  {autodaved)  300  c.  c.  to  1  c.  c.  ^4-hour  B.  typhosus  in  bouillon. 


Amount  of 
water 
phited. 

Amount  of 
acetozone 
present. 

Time  of 
action  in 
minutes. 

Number  of  colonies  in — 
24  hours.      48  hours. 

c.  c. 

1:30,000 
1 :  :iO,  000 
1 :  tiO,  (HX) 
1:60,000 
1:60,000 

5 
10 

5 
10 
30 

i 
1 

1  (div)    1      1  (do.) 

Innumerable. 
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Table  XII  shows  that  1/300  c.  e.  of  the  emulsion  contained  innumerable  typlioid 
bacilli  and  that  the  acetozoiie  produced  complete  sterilization  in  five  minutes. 

A  1:60000  solution  of  acetozone  is  tasteless,  and  it  is  recommended  that  it  be 
employed,  in  afresh  condition,  at  about  this  strength  {16  c.  c.  of  a  1:1000  solution  per 
liter  of  water)  and  that  it  be  permitted  to  stand  fifteen  mimites  to  half  an  hour 
before  use. 

This  work  is  confirmatory  of  that  performed  bj^  Dr.  P.  (I.  Novy,  of  the  University 
of  Michigan,  on  the  value  of  acetozone  as  a  disinfectant. 

Dr.  W.  E.  Musgrave  is  now  undertaking  exj)eriments  to  determine  the  strength  of 
a  solution  of  acetozone  necessary  to  kill  the  variety  of  amccbic  cultivated  from  tlu^ 
city  water  supply. 

The  followingexperiments  of  Dr.  P.  (J.  Wooley  of  this  laboratory  relating  to  the 
action  of  citric  acid  on  the  cholera  spirilla  found  in  drinking  water  are  of  interest: 


THE   ACTION    OF   CITRIC   ACID   ON   THE   SPIRILLUM   OF   ASIATIC   CHOLERA. 
(Dr.  P.  G.  W^ooley.) 

In  the  followiug  communication  are  reported  some  experiments  made  with  pure 
cultures  of  tlie  spirillum  of  Asiatic  cholera  isolated  from  the  intestines  of  persons 
dead  of  tlie  disease.  Tliis  work  was  stinHilate<l  by  the  fact  that  the  growth  of  the 
organism  of  xVsiatic  cliolera  is  inhibited  !)y  the  presence  of  acid  in  the  medium  upon 
w^hich  tlie  organism  is  ])lantcd,  and  })y  the  d(^sire  to  find  a  safe  and  ])alatal)le  sub- 
stance wliicli  can  be  added  to  water  to  render  it  safe  for  drinking  purposes,  at  least 
so  far  as  cholera  is  concerned. 

For  the  first  series  of  experiments  a  2  per  cent  solution  of  pure  citric  acid  was  used. 
This  was  added  to  tubes  of  2  per  cent  peptone  in  the  proportion  of  1 ,  2,  S,  4,  5,  and 
6  c.  c.  to  each  10  c.  c.  of  peptone  solution.  To  each  of  these  mixtures  was  added  a 
loopful  of  a  twenty-four  hour  old  culture  of  the  spirilla  of  Asiatic;  cliolera,  and  from 
each  of  these  agar  plates  were  made  at  the  end  of  ten  and  twenty  minutes. 

I. 


Peptone. 

2  per  cent 
citric  acid. 

Number 
ninmtes. 

Number 
colonies. 

Tube  I            . .            

c.  c. 
10 

10 

10 

10 

10 

10 

10 

c.  c. 

1 

2 
3 

4 
5 
6 

10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 

3 

Tube  11 

3 

Tube  Til                                                             

TQbe  TV       

Tube  V 

Many. 

Tube  VI                             -                             

Control                       -          -        -  -          

Countless. 

Countless. 

After  twenty-four  hours  no  motile  organisms  were  found  in  any  except  the  control, 
which  was  the  only  one  that  produced  the  "cholera  red"  reaction. 

A  second  series  of  experiments  was  made  with  the  same  solution,  but  with  greater 
precautions,  and  the  results  were  as  follows: 

11. 


Peptone. 

2  per  cent 
citric  acid. 

Number 
minutes. 

Number 
colonies. 

Tube  I .                   

c.  c. 
10 

10 

10 

10 

10 

(«) 

c.  c. 

2 

4 

6 

8 

10 

10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 

Tube  II                                                         

Tube  III                                                           

Tube  IV                                     

Tube  V                           

Con  trol 

Countless. 

Countless. 

a  Plain  peptone  solution. 
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At  the  end  of  twenty-houns  tlui  fluid  in  tlie  tubes  was  clear  and  no  motile  organisms 
were  seen.  The  contents  of  tlie  control  were  cloudy  and  gave  the  "cholera  red" 
reaction. 

A  third  vseries  was  as  follows: 

III. 


2  per  cent 
peptone. 

2  per  cent 
citric  acid. 

c,  c. 

1 

6 

8 
10 

Number 
minutes. 

Number 
colonies. 

Tube  I 

c.  c. 
10 

10 

10 

10 

10 

10 
20 
10 
20 
10 
20 
10 
20 
10 
20 
10 
20 

1 

Tube  II                                     

1 

Tube  1 11 

Tube  IV 

2 

T  ul )  e  V 

Control 

Countless 

Countless. 

<f  Plain  peptone  solution. 

The  colonies  from  Tube  I  were  those  of  a  coccus,  from  Tube  II  of  a  large  bacillus, 
and  from  Tube  IV  of  a  large  spore-l)earing  ])acillus.  The  fluid  in  all  the  tubes  is  clear 
at  the  iiiiiX  of  twenty-four  hours,  while  the  control  was  cloudy  and  gave  the  "  cholera 
red"  reaction. 

A  fourth  series  was  next  undertaken  to  discover  the  efficacy  of  lemon  juice  as  a 
disinfectant.  Tlie  amount  of  citric  acid  in  the  foregoing  experiments  was  so  small 
that  it  seemed  natural  to  suppost^  tiiat  lemon  juice  w^ould  act  satisfactorily  if  employed 
in  the  pro]>er  amount  and  yet  in  a  solution  sufficiently  dilute  to  be  palatable  and 
harmless. 

With  tlu'se  points  in  view,  the  following  tests  were  made  with  the  pure  juice 
exi)ressed  from  large  fresh  li^mons: 


2  per  cent 
peptone. 

10 
10 
10 
10 
10 

Lemon 
juice. 

Number 
minutes. 

Number 
colonies. 

Tul)e  1 

s 

1 
I 

10 
10 
10 
10 
10 

3 

1  u  l)e  I  r „ 

3 

Tube  1 11 

Tube  IV                                 .               -        -„ 

Tube  V                                           

(/Ontrol  .  .               = 

Countless. 

«  Plain  2  per  cent  peptone  solution. 

Indol  reaction  in  the  control  was  positive.  Tubes  IV  and  V  remained  clear  until 
the  end  of  sixty  hours,  when  molds  grew  plentifully  in  them. 

A  final  experiment  was  made  to  determine  the  value  of  the  common  lime  sirup 
sold  at  drug  stores  under  the  name  of  *' Jarabe  de  Limon:  " 


2  per  cent 
peptone. 

Lime 
sirup. 

Number 
minutes. 

Number 
colonies. 

Tubcl                  

c.  c. 
10 
10 
10 
10 
10 

00 

2 
3 

10 
10 
10 
10 
10 
10 

Countless, 

Tube  11           

(>ountIess. 

Tube  III       .                    

Countless. 

Tube  IV                        

300 

Tube  V 

2 

Control                        

Countless. 

«  Plain  2  per  cent  peptone  solution. 

Control  gave  the  ''cholera  red"  reaction  at  the  end  of  twenty-four  liours.  All  of 
the  tubes  except  No.  V  were  cloudy  and  showed  motile  spirilla. 

The  value  of  such  experiments  is,  of  course,  not  great,  since  it  is  not  safe  to  trust  to 
such  chemical  means  of  rendering  bad  water  fit  to  drink,  but  the  results  are  inter- 


WAB  1903 — VOL  6- 


-27 


418  REPOET    OF    THE    PHILIPPINE    COMMISSION. 

esting  and  of  some  possible  value,  especially  in  eases  of  enierri^eney.  The  eonclnsion 
that  we  may  draw  from  this  is  that  water  rendered  so  aeid  tliat  the  degree  of  acidity  is 
equal  to  from  one-half  percent  to  1  percent  of  citric  acid  is  fairly  ;;afe  so  far  as 
cholera  is  concerned. 

We  find  from  an  analysis  made  in  the  laboratory  that  a  large  fine  lenion  contains 
6.86  grams  of  crystallized  citric  acid  per  100  c.  c.  Tfie  lemon  used  contained  40  c.  c. 
of  juice,  which  is  eipiivalent  to  2.744  grams  of  citric  acid.  At  this  rate  lialf  the  juice 
of  a  lemon,  the  amount  usually  employed  for  a  glass  of  lemonade,  would  be  equiva- 
lent to  1.37  grams  of  citric  acid. 

KESEAKCn    WORK. 

The  time  taken  up  by  routine  work,  laboratory  examinations  for  the  diagnosis  of 
liuman  and  animal  diseases,  analyses  of  waters,  etc.,  has  left  but  comparatively  little 
time  for  research.  However,  special  studies  have  been  jnn-sued  by  Dr.  W.  VJ.  Mus- 
grave  an<l  Mr.  M.  Clegg  on  surra,  by  Drs.  I'.  G.  Wooley  and  J.  W.  Jobling  (the 
latter  of  the  serum  laboratory)  on  hemorrliagic  septicannia  (»f  animals,  by  Dr.  W.  B. 
AVherry  on  hand  infection  due  to  organisms  resemr)ling  the  Koch-Wceks  !>acillus,  by 
IVIr.  C'harles  8.  Banks  on  the  insects  of  cacao,  and  by  myself  on  protective  inoculation 
against  Asiatic  (cholera.     These  reports  are  ap})eiided. 

On  January  31,  1902,  I  was  directed  by  the  Civil  Connnission  to  proceed  to  Europe 
at  my  own  expense  for  the  purpose  of  making  investigations  into  recent  discoveries 
ill  I  biological  science.  In  addition  to  the  studies  which  I  ])ursued  in  Germany,  I 
visited  the  London  School  of  Tropical  IVIedicine,  the  German  School  of  Tropical  Med- 
icine at  Hamburg,  the  Pasteur  Institute  at  Paris,  and  the  (Jovernment  civil  hospitals 
at  Port  Said  and  at  Colombo,  Ceylon.  Much  valuable  information  was  gained  from 
these  visits,  and  while  engaged  in  them  I  paid  particular  attention  to  whatever 
advancement  had  been  made  in  lalxjratory  methods,  technique,  and  apT)aratus,  and 
by  conversation  and  consultation  with  various  men  of  science  endeavored  to  obtain 
information  with  regard  to  advanced  methods  of  dealing  with  future  problems  in 
tropical  diseases. 

At  the  Pasteur  Institute  in  Paris,  througli  the  kindness  of  Professors  Metchnikf)ff 
and  Laveran,  the  work  done  at  this  institute  on  nagana,  a  disease  very  closely  allied 
to  if  not  identical  to  surra,  was  carefully  gone  over  with  me,  Professor  Laveran 
reviewing  his  specimens  and  studies  upon  this  subject  and  offering  suggestions  for 
future  lines  of  investigations. 

At  the  tropical  schools  of  medicin(^  at  London  and  Hand)urg  opportunities  were 
presented  for  the  observation  of  parasitic  and  other  diseas(^s,  which  hitherto  have 
occurred  more  connnonly  in  Africa,  but  which  may  from  time  to  time  find  their  way 
to  the  Philippine  Islands. 

During  several  days  spent  in  observation  at  the  London  School  of  Tropical  Medi- 
cine, I  was  invited  by  Sir  I*atrick  Manson,  K.  C.  M.  G.,  F.  K.  S.,  to  read  a  paper 
before  the  Epidenulogical  Society  in  connection  with  the  (iuesti(»n  of  the  Panama 
Canal  and  its  relation  to  tlie  introduction  of  yellow  fever  into  Asia.  The  object  of 
this  meeting,  opened  by  Sir  Patrick  Manson,  was  to  call  attention  to  the  work  of  the 
late  Dr.  Walter  Heed  and  of  liis  associates  in  relation  to  yellow  fever,  and  to  urge 
upon  the  Congress  of  the  United  States  the  importance  ot  ])la(dng  a  medical  man  on 
the  Panama  Canal  Commission  for  the  purpose  of  bringing  about  proper  sanitary 
conditions  along  the  shores  of  the  canal,  and  of  ridding  this  region  of  the  disease,  as 
has  already  been  done  in  Habana  tlirough  the  efforts  of  Wood  and  Gorgas,  acting 
upon  the  observations  of  Walter  Peed.  As  the  sul)ject  is  one  of  so  great  importance 
to  the  Philippine  Islands,  it  has  been  thought  advisable  to  call  attention  to  it  in  this 
report  in  the  article  appended  with  the  other  special  reports  from  the  biological 
laboratory. 

In  Berlin,  having  obtained  admission  to  the  Kr)nigl.  Institut  fiir  Infektionskrank- 
heiten  (Herr  (ieh.  Med.  Rath,  Prof.  Dr.  R.  Koch,  director),  through  the  (H)urtesy  of 
I*rofs.  William  II.  Welch  and  William  Osier,  of  Johns  Hopkins  University,  and  Profs. 
C.  A.  Ewald  and  A.  Wassermann,  of  tlie  University  of  Berlin,  I  took  up  my  special 
work  in  immunity  in  *.he  department  of  Professor  Wassermann,  and  as  an  outcome 
of  some  of  these  studies  the  report  on  the  production  of  a  cholera  vaccine  is  sub- 
mitted. In  addition  to  these  bacteriological  researches,  daily  work  was  performed 
in  the  pathological  laboratory  of  either  the  Charite  or  the  Augusta  Hospital. 

I  arrived  in  Manila  on  July  13,  and  resumed  my  duties  as  director  of  thje  biological 
laboratory. 

The  special  rej)orts  from  the  biological  laboratory  are  appended. 
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KEPOKT  ON  TRYPANOSOMA  AND  TRYPANOSOMIASIS,  WITH  SPECIAL  BEFERENP^ 
TO  SURRA,  IN  THE  PHILIPPINE  ISLANDS,  BY  W.  E.  MUSGRAVE,  M.  D.,  A.vD 
MOSES  T.   CLEGG. 

INTKODUCTION. 

Before  (^nterinjij  upon  a  (liRCUvSsion  of  the  ti^xt  of  tliin  report  a  f(nv  reniark.«  regard- 
ing the  facilities  at  our  disposal  appear  a(lviwsal)le. 

Fig.  'A  ilhistrates  a  specially  constructtMl  innect-proof  sta])le  in  wldch  all  experi- 
ments necessitating  extraordinary  precaution  were  performed.  To  obtain  satisfactory 
results  sucli  a  structure  is  an  absolute  necessity.  This  sta})le  is  screened  on  all  sides, 
the  stalls  are  separated  ])y  wire  netting,  and  each  is  provided  with  a  door  oi  the  same 
kind.  On  eacli  side  there  is  an  additional  hall  entirely  screened  and  with  a  single 
outside  door.  At  one  end  an  insect-proof  operating  room  Avas  built  and  provided 
witli  a  protected  entrance  to  the  different  stalls. 

Because  of  these  precautions  experiuients  have  b<,H^n  conducted  by  us  with  an 
al)soluto  certainty  of  results,  and  owing  to  a  lack  of  facilities  sinular  to  ours  many 
of  the  conclusions  contained  in  reports  relating  es[)ecially  to  the  transmission  of  the 
disease  do  not  appear  to  havc^  been  based  upon  attcurate  ol)servations. 

Discussions  of  the  transmission  of  the  disease  ))y  feeding,  based  upon  observations 
made  without  ]>rotectiiig  animals  from  insects,  do  not,  of  course,  lead  to  a  final  settle- 
ment of  the  (piestion;  and  so  w'tli  many  other  conclusions  in  the  voluminous  litera- 
ture relating  to  this  subject. 

Jn  reviewing  literature  we  have  tried  in  each  instance  to  give  credit  to  the  person 
to  whom  due,  but  in  this  we  may  soTuetimes  hav(^  failed.  The  works  of  Voges, 
Lingard,  Kanthuck,  Durham  and  Bradford,  l^averan  and  Mesnill,  Rabino witch 
and  Kempner,  AVasielewski  and  Senn,  and  many  others  have  been  freely  used. 

DEFINrnON. 

The  disease  is  a  speedic  infection  of  many  of  tlu?  lower  animals,  and  occasionally 
of  man,  caused  by  Trupanosonia.  It  occurs  in  epidendc  form  over  large  areas  of 
tropical  countries,  and  is  usually  more  severe  during  the  rainy  season.  Jt  is  charac- 
terized ))y  a  period  of  incubation  followed,  in  most  animals,  by  areudttent,  intermit- 
tent, or  less  f re(]uently  relapsing  fever;  l)y  the  i>resence  of  Tri/jKino^outd  in  the  circulat- 
ing l)lood,  w  hich  in  some  animals  are  numerous  in  proportion  to  the  temperature, 
by  progressive  anemia  and  emaciation,  by  a  catarrhal  condition  of  the  mucous 
mend>ranes  of  the  eyes  and  nose,  by  roughness  of  the  hair,  which  in  many  instances 
falls  out,  by  subcutaneous  edema,  more  connnonly  of  the  posterior  extremities,  geni- 
tals, and  belly.  In  the  latter  stages  paresis  of  the  posterior  extrennties  is  very  com- 
mon.    The  mortality  among  most  animals  of  economic  importance  is  100  per  cent. 

There  are  found  in  most  animals  at  post-morteni,  in  addition  to  the  evidence  of 
severe  anemia,  certain  changes  in  the  spleen,  the  most  constant  being  enlargement 
and  a  peculiar  mottling.  Taken  with  other  principal  lesions,  such  as  lymphatic 
hyperplasia,  peculiar,  yellowish,  gelatinous,  subcutaneous  and  subserous  infiltrations, 
an  enlarged  liver,  and  the  at^cumulation  of  fluid  in  the  serous  cavities,  it  makes  an 
anatomic  picture  which  is  rarely  excelled  in  chronic  diseases  peculiar  to  man. 


NOMENCLATURE    AND    CLASSIFICATION. 


A  list  of  the  various  names  used  to  designate  trypanosomia^^is  in  different  parts  of 
the  world  has  been  compiled  from  lit(»rature  as  follows: 


Adjoe. 

Andar-tap. 

Anemie  pernicieuse. 

Berbad. 

Beschalkranklieit. 

Beschalseuche. 

Blaschemausschlag. 

Bovine  surra. 

Buffalo  surra. 

Camel  surra. 

Canine  surra. 

Dog  surra. 

Doaia. 

Dourine. 

Equine  relapsing  fever. 


Equine  surra. 

Equine  syphilis. 

Exantheme  coitale. 

Fish  surra. 

Flagellose  de  equins. 

Gal  tail. 

Galtia. 

Glossinose. 

Horse  pox. 

Horse  surra. 

Juckkrankheit. 

Khanhog. 

K  husk-zaharbad. 

La  mouche. 

Leuma  equorum. 


Mai  de  caderas. 
Maladie  a  trypanosome. 
INIaladie  henigne  du  coit. 
Maladie  de  la  tsetse. 
Maladie  <le  Soemedang, 
Maladie  du  coit. 
Maladie  du  prurit. 
Maladie  venerienne  du 

cheval. 
INlarri. 
Nagana. 
N  ileal  gay  a. 
N'gana. 
Nygana. 
Oae. 
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PernicioiiH  anemia  of 

horses. 
Peste  de  eadeiras. 
Pferdestaupe. 
Phenta. 

Plienta-ka-darad. 
Phera. 
Pheta. 
Plietra. 
Pliitgaya. 
Photra. 
Poh^nevrite  iiifectieiise  du 

cheval. 
Poona. 


Parana. 

Rat  surra. 

Relapsing  fever  of  eciuines. 

Bar. 

Sara. 

Sclileichende  Fieber. 

Sokra. 

Sukal. 

Surra. 

Surra  amerieain. 

Surrakrankheit. 

Tap. 

Tap-dik. 

Tape~dik. 


Tarai. 

Tebersa. 

Tiharsa. 

Trypanosomone. 

Tsetse  fly  <lisease. 

Tsetse  k  ran  kheit. 

Tumby-a. 

Tuniby-baba. 

Wabai-ki-l)okhar. 

Zaliarl>ad. 

Zherl>ad. 

Zuchthihnie. 


In  this  report  the  term  "trypanosomiasis/'  as  suggested  bv  Salmon  and  Stiles,  is 
used,  being  in  a  general  sense  eomparal)le  to  the  terms  "iilariasis"  and  "uncina- 
riasis." Following  this  elassifieation  further,  according  to  tlu^  animal  infected,  we 
would  have  trypanosomiasis  of  man,  tryi)anosomiasis  of  horses,  try[)anosomiasis  of 
cattle,  etc.  Such  a  nomenclature  would  apply  satisfactorily,  wlu^ther  the  infet'ting 
parasites  are  identical  or  not,  and  also  regardless  of  tlie  niamier  and  place  of  infec- 
tion. For  example,  the  term  trypanosomiasis  of  horses  woidd  apjilv  e<pially  well  to 
nagana  contracted  by  the  bite  of  an  infected  tsetse-fly  in  South  Africa,  and"  to  surra 
produced  by  the  hypodermic  injection  of  infected  trypanosonnatic  blood  in  Manihi. 

If  tlie  i)arasites  causing  the  diseases  known  under 'the  old  nanu\s  have  been  or  are 
shown  to  be  different,  there  could  be  no  very  great  necessity  for  interfering  with  the 
better  part  of  the  established  nomenclature.  Surra  would  then  be  the  trypanoso- 
nuasis  of  liorses  and  of  other  animals  due  to  an  infection  with  Tr.  cravi^f;  nagana 
would  be  tlu'  trypanosomiasis  of  horses  and  of  otlier  animals  due  to  an  infection  with 
Tt.  brucfi,  etc. 

On  tlie  other  hand,  if  these  parasites  arc  shown  to  be  the  same,  or  probal)lv  mon^ 
correctly  until  they  are  shown  to  be  different,  there  does  not  appear  any  valicrreason 
why  any  of  the  names,  except  that  of  surra,  accepted  by  l^]\'ans,  the  original  dis(!ov- 
erer  of  the  pathogen i(;ity  of  the  parasite  in  animals,  should  be  retained. 

Without  entering  in  detail  upon  a  discussion,  which  will  l>e  taken  u])  later  in  tlie 
report,  regarding  tlie  identity  or  nonidentity  of  7)\  eixuiKii^  7V.  hrucei,  Jr.  rovgetii 
(equiperdum),  and  Tr.  elmamann  (equinuni),"^and  hence  the  identity  or  nonidentity 
of  surra,  nagana,  dourine,  and  mal  de  caderas,  there  is  considerable  diff(;rence  of 
opinion,  and  also  considerable  inconsistency  in  some  of  the  writings,  especially  with 
reference  to  the  <liseases  discovered  and  named  since  Evans's  original  report. 

Numerous  writers  on  trypanosomiasis  base  their  diagnoses  on  the  prese-nce  of  Tr. 
hrucei,  and,  after  carefully  describing  the  parasite,  state  that  thev  do  not  know 
whether  or  not  it  is  identical  w4th  Tr.  evansii.  How  can  such  writers,  not  having 
previously  studied  either  of  the  parasites,  state  that  it  was  not  Tr.  erma^ii  rather  than 
Tr.  brucei  they  were  working  with.  If  they  are  positive  that  the  parasite  is  Ti\ 
brucei  then  tliey  affirm  it  to  be  different  from  Tr.  evarmi  It  is  obvious  that  if  tlu\se 
parasites  are  indentical  Tr.  brucei  is  not  entitled  to  a  place  in  the  nomenclature  of 
trypanosonia,  for  Tr.  evansii  was  known  and  described  years  l)efore  Bruce  per- 
formed his  work.  Bruce  himself,  in  his  orignal  report,  considered  his  parasite 
probably  identical  with  Tr.  evarmi. 

Some  eminent  authorities  criticise  Koch  and  many  other  writers  for  stating  that 
Tr.  evamil  and  Tr.  brucei  are  identical  without  offering  detailed  proof  of  their  state- 
rnents.  Such  criticism  seems  to  us  unjust.  The  proof  demanded  is  that  they  are 
different  parasites,  and  until  this  proof  is  furnished,  writers,  in  our  opinion,  are  per- 
fectly entitled  to  consider  the  trypanosomiasis  of  horses  and  a  number  of  other  ani- 
mals as  being  due  to  an  infection  with  Tr.  evansii. 

The  practic^al  importance  of  deciding  this  question  is  forcibly  brought  home  to 
workers  in  the  Philippine  epidemic,  a  fact  which  lias  already  been  emphasized  by 
other  writers.  We  have  to  deal  with  an  extensive  epidemic  of  trypanosomiasis  in 
several  species  of  domestic  animals,  particularly  in  the  horse,  and  the  parasite  causing 
the  disease  seems  to  be  the  same  in  all.  This  parasite  answers  the  description  given 
of  Tr.  evansii,  Tr.  brucei,  and  others,  and  it  is  necessary  either  to  introduce  a  new 
name  or  to  classify  from  description.  We  liave  decided,  after  a  careful  review  of  all 
available  literature  pertaining  to  the  subject,  that  we  are  dealing  with  Tr.  evansii, 
redescribed  by  Bruce  as  the  causative  agent  in  nagana  and  named  Tr.  brucei  by 
Buffardand  Schneider,  and  also  described  and  given  other  names  bv  various  authors. 
To  be  consistent  with  this  statement  "surra"  would  be  the  only  allowable  i)opular 
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name  for  the  di^^eaHo  caiTsed  by  tliis  parasite,  the  numerous  other  names  heconiini? 
jne?-e  HynonyniH.  '^ 

111  those  formH«»f  the  <hseaN(^  (hie  to  other  npeeien  of  trvpanosoma  other  names 
woiKi,  oi  course,  Ih^  allowable;  but,  with  th(^  i)ossii>le exception  of  dourine,  we  have 
nowhere  else  niet  so  nnich  contusion  and  sucli  a  nmltiphcation  of  names  as  is  found 
m  tiie  group  of  winch  Tr.  -erarmi  is  the  cause. 

HISTORIC. 

Caladrini  according  to  Voges,  in  1842  wrote  letters  describing  a  disease  in  South 
Ainerica  whu-h  lias  su})se(juently  been  determined  to  l)e  trypanosomiasis  (mal  de 
t;adenis)  and  since  that  time  has  been  discussed  under  various  names  and  l)y  si^veral 
auLiiois. 

J^l^'ovi  and  i.ec\cT  iire  satisiicd  that  this  disease  existed  in  South  America  l)efore 
1800,  Willie  Lacerda  states  that  mal  de  caderas  was  imported  to  the  mainland  about 
18o0  from  Marajo,  an  ishuid  at  the  mouth  of  tiie  Amazon  River,  and  from  there 
spread  rai)idly  over  Brazil,  thence  to  Paraguay,  probably  about  1860,  quic'kly  cover- 
ing almost  this  entire  country  and  killing  thousands  of  horses. 

Dourine  has  been  kninvn  in  various  places  since  the  latter  part  of  the  eighteenth 
century,  but  curioiisly  enougli  was  one  of  the  last  varieties  to  have  its  etiology  eluci- 
dated. In  1858  Ln^ugstone  wrote  of  the  tsetse  fly  disease  in  Africa,  at  that  time  old 
and  well  known  to  the  natives. 

Surra  was  ^r^t  brought  prominently  before  the  scientific  world  in  a  report  published 
by  (o  Kvans  m  1880.  He  accurately  described  the  disease,  which  had  l>een  known 
for  generations  to  tlie  natives  ot  India,  and  proved  tlie  causative  role  of  Trypanosoma 
in  this  intcx'tion.  Since  the  publication  of  Evans's  report  a  great  deal  has  been  written 
regarding  trypanosomiasis,  as  a  glance  at  the  bibliographv  will  show 

the  disease  annually  destroys  millions  of  dollars'  worth^  of  animals  in  India,  Africa 
and  Smith  America.  Soine  of  the  more  recently  infected  countries  are  the  islands  of 
Mauritius,  Java,  and  the  Philippines. 

The  island  of  Mauritius  was  free  from  trypanosomiasis  up  to  the  South  African  war, 
but  (hiring  that  conflict  many  animals  from  infected  countries  were  sent  into  Africa 
and  soine  of  them  found  their  way  into  this  island.     A  severe  epidemic  developed 
dc^stroymg  HO  many  of  the  animals  that  the  planting  and  gathering  of  crops  became 
an  ini])ossib]lity.  ^  n  i 

In  1900  surra  broke  out  among  the  cattle,  carabao,  and  horses  of  Java,  since  which 
tmie  It  has  there  been  endemic.  As  soon  as  tlie  disease  was  discovered  in  Java 
vigorous  plans  to  prevent  its  spread  were  instituted,  and  with  marked  success  if  the 
snuill  losses  ot  that  country  are  compared  with  the  frightful  havoc  among  horses  and 
cattle  which  have  been  re])orted  from  other  infected  regions 

In  1886  Biguaini  and  Celli  mentioned  a  parasite  resembling  7V.  lewisi,  which  thev 
lound  in  the  })lood  of  a  patient  suffering  from  malarial  fever.  Nei)veu  in  1898 
reported  the  })resence  of  7Vi/panosoma  in  the  blood  of  seven  patients,  six  of  wliom  were 
suffering  from  malaria  and  the  seventh  was  healthy.  He  described  and  illustratiMl 
tlie  parasite.  l^i™^^1902  Hutton,  Forde,  and  Manson  reported  Trifparumma  in  human 
benigs,  and  in  1903  Manson  and  others  have  reported  a  number  of  cases 

The  iirst  published  report  which  we  have  of  trypanosomiasis  in  the  PhilipDines 
was  by  Smith  and  Kinyoun,  in  1 901 .  The  history  of  the  epidemic  in  this  country  has 
been_  reporh^l  l)y  Musgraye  and  Williamsons  in  a  preliminary  report  on  trypanoso- 
miasis ot  horses  m  the  Philippine  Islands,  pubhshed  as  Bulletin  No.  3  bureau  of 
government  laboratories.  This  report  was  read  before  the  Manila  medical  society 
arid  brought  out  considerable  dis(uission.  The  only  point  at  issue  was  our  statement 
that  the  disease  was  introduced  here  in  1901.  We  have  investigated,  as  far  as  possible 
the  arguments  brought  forth  that  surra  was  here  prior  to  that  time,  but  have  found 
nothing  to  justify  any  change  in  our  original  statement.  The  subject  is  not  of  L-reat 
importance  one  way  or  the  other,  except  for  its  historic  interest.  There  is  one  thin<r 
absolutelycertam— that  the  disease  was  introduced  at  that  time,  and,  whetlier  this 
was  its  original  appearance  or  not,  the  frightful  epidemic  which  has  raged  here  is 
positively  connected  with  this  infection.  Our  statements  regarding  the  manner  of  its 
spread  were  absolutely  convincing  at  the  time  of  the  publication  of  the  preliminary 
report,  and  additional  work  along  these  lines  has  since  confirmed  the  conclusions 
ttiere  given. 

During  the  past  month  we  have  had  proof  of  the  reimportation  of  the  disease  this 
time  in  a  cow  received  from  Java. 

Since  its  introduction  the  infection  has  been  spreading  throughout  the  archipelago 
and  at  the  present  time  areas  in  which  it  is  iirevalent  are  reported  from  almost  the 
entire  group  of  islands. 
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Geographic  (r(st7ibuilon.~~The  geograpliic;  range  of  the  various  forniH  of  trypanoso- 
miasis in  .shown  in  the  following  table: 


Continent, 


Africa  . 


Europe  . 


Country. 


South  America . . 


India. 


Korea  . 
Persia  . 
Syria  . . 
Java... 


Philippines 


Algeria . 


Abyssynia 

English  East 

Africa. 

Egypt  

German  East 

Africa. 

Kongo 

Madagascar  . . 

Mauritius 

Morocco , 


Nubia 

Somaliland . 
Soudan 


Togo 


Tripoli 

Transvaal 

Zambesi 

Zululand 

Malarial  Zone 
(see  map). 

Bohemia 

France 

Germany 


Hungary 
Spain 


Turkey  . . . . 
Argentine . 


Bolivia  , 
Brazil  .. 


Province,  territory, 
division,  district,  etc. 


Bengal 

Berars 

Bombay  Presidency . . 

Burma 

Cashar 

Kohat 

Kon  kan 

Kumaon  Province 

Naga  Hills 

Manipur 

Northwest  Provinces. 

Punjab 

Rajputana 

Cochin  China  (Ton- 
kin). 

In  do- China  (Nha 
Trang) . 


Bantan 

Cheribon  . . . 

Deli 

Rem  bang... 
Semarang  . . 
Soemedang. 
Tegal 


Celle  . 


Trakehnen . 


Pyrenees  . 
Navarra  . . 


Catamarca  . 

Chaco 

Corrientes . , 


Formosa. 
Misiones. 


Santa  Fe 

Matto  G  rosso . 


Surra . . . 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 

do.. 


do.. 

do.. 

Dourine 
Surra . . . 

do.. 

do.. 

do.. 

do.. 

do., 

....do.. 
....do.. 


Surra . . . 
Nagana. 


Surra . . . 
Nagana. 


do... 

Surra 

Nagami,. 
Dourine  . 


Nagana. 
....do.. 
....do.. 


Surra 

Nagana.. 
Dourine  . 
Nagana.. 

do  ... 

do... 

do... 


Dourine  . 

do... 

do... 

do... 


.do. 
.do. 
.do. 


Dourine  . . . 
Mai  de  cad  eras 

do 

do 


-do. 

.do. 

.do. 
.do. 
.do. 


Reported  by- 


Lingard. 

Do. 

Do. 
Lingard,  Steel. 
Lingard. 
Liiigard,  Gunn. 
Lingard. 

Do. 

Do. 

Do. 

Do. 
Lingard,  Evans. 
Lingard. 
Blanchard,  Mollereau. 

Carougeau. 

W.  G.  Campbell. 

Haig. 

Nocard  and  Leclainche. 

J'aszotta. 

Do. 
Vrijburg. 
Penning. 

Do. 
Hubenet,  De  Does. 
Paszotta. 
Smith  and  Kinyoun,  Slee, 

Curry,  Salmon  and  Stiles, 

Strong,     Musgrave    and 

Williamson. 
Chauvrat,  Merche,  Signol, 

Viordot,  Lacquerrain, 
Bruce,  Hallen. 
Story. 

Lingard. 
Koch. 

Scloss. 

Lingard. 

Edington. 

Bruce,    Nocard,   and     Le- 
clainche. 

Hallen. 

Brumpt. 

Schilling,       Dupuy,      and 
Pierre. 

Koch,  Schilling. 

E.  Martini. 

Nocard  and  Leclainche. 

Theiler. 

Livingstone. 

Bruce. 
Do. 


Weber  and  Nocard. 
Legrain. 

Haverman,  Hausmann,  and 
Pfannenschmldt,  Voges. 
Hertwlg. 

Nocard  and  Leclainche. 
Weber  and  Nocard. 
Nocard  and  Leclainche 

Do. 
Sivori  and  Lecler. 

Do. 

Do. 
Voges. 

Sivori  and  Lecler. 
Voges. 

Sivori  and  Lecler, 
Voges. 

Do. 

Do. 
Rebourgeon. 
Sivori  and  Lecler. 
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Continent. 

Country. 

Province,  territory, 
division,  district,  etc. 

Form. 

Reported  by — 

South  America . . 

Chile 

Maldecaderas 
do 

Voges. 

Marajo  Island 
Paraguay 

Lacerda. 

do 

Thompson. 

Uruguay    

do 

Sivori  and  Lecler. 
Do. 

North  America . . 

Surra 

Lingard. 

United  States 

Dourine 

Surra 

Nocard  and  Leelainche,  re- 

Australia 

ports   of   the   Bureau  of 
Animal  Industry. 
Lingard. 

Figure  55  gives  a  schematic  representation  of  the  infected  areas,  drawn  from 
Scheiihe's  map  (fig.  3)  ilhistrating  the  regions  of  the  world  in  which  malaria  prevails. 
Figure  56  is  intended  to  show  the  relation  in  geographic  distribution  of  trypanosomi- 
asis and  malaria. 

The  table  and  maps  given  above  illustrate  the  wide  geographic  distribution  of 
trypanosomiasis  and  its  special  prevalence  in  the  tropical  and  subtropical  zones. 
New  points  of  infection  are  being  reported  from  time  to  time.  Neither  the  table  nor 
the  maps  are  complete,  and  both  may  contain  some  inaccuracies,  owing  to  the  con- 
flicting reports  and  the  fact  that  some  of  the  references  given  are  not  available. 

Climatic  conditions, — All  the  different  forms  of  this  disease  are  infections  incident 
to  the  periods  of  wet  weather.  This  statement  is  made  in  all  discussions  of  the  sub- 
ject which  we  have  been  able  to  review.  The  reasons  given  for  the  fact  are  varied, 
but  the  true  explanation,  namely,  that  biting  flies  are  much  more  numerous  during 
this  season  than  during  any  other,  is  confirmed  by  nearly  all  recent  writers.  Not 
only  this,  but  the  rainy  season  off ers  another  and  equally  important  condition,  which 
will  be  fully  discussed  under  modes  of  transmission,  i.  e.,  the  dark,  cloudy  days  with 
great  relative  humidity  make  it  possible  for  the  fly  mechanically  to  carry  the  infec- 
tion for  a  much  longer  time.  We  have  shown  conclusively  that  bright  sunlight 
quickly  destroys  Trypanosoma;  and  even  if  the  proper  flies  were  more  numerous  dur- 
ing dry  weather  this  factor  alone  would  greatly  limit  their  ability  to  carry  infection. 

To  sum  up,  the  transmission  of  the  disease  is  greatest  exactly  under  the  climatic 
conditions  most  favorable  to  insect  life  and  to  the  insect's  ability  to  carry  the  living 
infection.  Such  conditions  occur  in  low-lying,  marshy  lands  during  the  dark,  cloudy 
days  of  the  rainy  season. 

Trypanosomiasis  prevails  to  a  limited  extent  under  other  circumstances,  but  we 
have  reason  to  fear  epidemic^s  only  when  those  al)ove  described  are  realized. 

We  know  of  no  other  predisposing  causes  for  surra.  All  species  of  animals  within 
certain  geographic  zones  may  contract  the  disease  by  experimental  methods.  As 
will  be  shown,  natural  infection  is  a  mechanical  process,  so  that  no  reason  exists 
against  the  supposition  that  all  animals  are  susceptible  to  the  usual  methods  of 
transmission. 

A  number  of  writers  have  stated  that  a  greater  percentage  of  foreign  horses  coming 
into  an  infected  zone  than  of  native  animals  contract  the  disease. 

Of  80  horses  observed  by  Lingard,  16  per  cent  died  during  the  first  year,  and  70 
per  cent  during  the  first  seven  years  while  under  observation.  Australian  horses  were 
found  by  him  to  be  more  susceptible  than  the  native  horses  of  India. 

In  our  experience  in  Manila,  Australian,  Chinese,  and  American  horses  do  not 
appear  more  susceptible  than  native  i>onies.  In  several  instances  we  have  been  able 
to  observe  the  infection  in  large  stables  containing  both  native  and  American  horses, 
and  under  these  conditions  one  appeared  to  contract  it  as  readily  as  the  other.  The 
greatest  percentage  affected  in  either  case  is  always  found  in  large  groups  of  animals; 
and  as  American  horses  are  more  frequently  collected  in  large  stables,  a  superficial 
deduction  from  this  fact  might  be  misleading.  In  reahty,  the  higher  percentages  we 
have  encountered  have  occurred  in  stables  containing  native  ponies. 

Lingard  considers  both  sexes  to  be  equally  susceptible.  We  have  had  no  oppor- 
tunity either  to  confirm  or  to  disprove  this  statement,  as  nearly  all  the  horses  in 
Manila  are  males.  Sex  certainly  plays  no  part  in  the  communication  of  the  disease 
in  other  animals,  and  there  is  no  reason  to  suppose  it  would  do  so  in  horses. 

In  1885  Steel  stated  that  white  and  gray  mules  are  more  susceptible  to  surra  than 
darker  colored  animals,  and,  among  others,  Laveran  and  Mesnil  believe  this  to  be 
the  case  with  horses  as  well.  They  attribute  this  phenomenon  to  the  supposed  fact  that 
flies  bite  light-colored  animals  more  readily  than  dark  ones.  This  fact  is  questioned 
by  some  authors,  although  it  is  true  that  on  the  former  animals  the  flies  may  be 
more  noticeable  than  on  the  latter.  We  have  been  unable  to  verify  this  statement. 
White  and  gray  animals  have  not  been  infected  in  greater  proportion  than  others, 
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nor  do  they  more  readilj^  attract  biting  flies.  Asa  matter  of  fact,  our  statistics  of 
the  Philip})ine  epidemic  show  them  to  l>e  less  fre(iiiently  attacked.  No  importance 
can  therefore  he  attributed  to  color  as  a  factor  in  tlie  S|>read  of  the  disease. 

In  general,  no  material  difference  in  the  percentage  of  infection  in  horses  of  vary- 
ing ages  has  been  found.  The  greater  proi)ortion  of  animals  in  JManila  ar(^  older  than 
four  years.  Our  investigation  of  rats  has  shown  us  that  the  older  animals  contain 
Tri/panosoma  more  often  than  tlie  younger  ones.  The  differt^nce  is  probably  not  due 
to  the  greater  susceptibility  of  the  former,  but  is  accounted  for  by  the  fact  that,  like 
dogs,  they  are  prone  to  light,  and  hence  very  frequently  have  wounds,  i)articularly 
about  the  head,  wJiich  naturally  fiivor  the  entrance  of  the  parasites. 

TRVPANOSOMA. 

IJisforie  note. — In  this  discussion  the  species  of  Trypanosoma  have  ])een  followed  in 
part  at  the  expense  of  the  chronologic  order  of  pubhcations. 

Valentin  (1841)  discovered  a //<"77J(r/o^oo??  andGlugge  (b*^42)  parasites,  the  former  in 
trout  ( Salmofario )  and  the  latter  i  n  t  he  1  >lood  of  frogs.  Botl  i  were  prol)ably  Trypanosoma, 
Doflein  considering  Glugge's  description  sulticient  for  the  recognition  of  the  genus.  1  n 
1843  (iruby  observed  a  flagellate  infusorium  in  frogs,  naming  it  Tr.  sanyvhiis;  and 
despite  the  previous  w-ork  of  others,  he  has  generally  been  credited  with  its  discovery, 
his  work  being  subsequently  confirmed  by  a  number  of  investigators. 

Lankester  (1871 )  discovered  a  sausage-shaped  parasite  in  the  i)loo(l  of  frogs,  naming 
it  undulina.  Gaule  (1880)  made  some  further  observations  on  these  bodies,  wdncli 
he  considered  protoplasmic  portions  of  the  blood  corj)uscles  se})arated  for  a  short  period 
of  independent  life  and  more  prevalent  in  very  dry,  warm  weather.  I^eucocytes  were 
seen  to  be  converted  into  flagellates  and  then  back  to  leucocytes.  Biitschli  and  \A\n- 
kester,  commenting  on  Gaule's  work,  stated  inde])endently  that  tlie  conversion  of 
ameboid  bodies  into  flagellates  and  ttie  reccmversion  of  flagellates  into  bodies  resem- 
bling white  corpuscles  did  not  prove  the  latter  to  be  leucocytes. 

Grassi  (1882)  ol)served  in  frogs  a  parasite  wdnch  was  named  paramecioides. 

Blanchard  (1889)  confirmed  Gruby's  work  and  gave  the  following  synonyms: 
Paramecmm  loricatuni  Mayer,  1843;  Ameba  rotatoria  Mayer,  1843;  Gfobularia  radiata 
Wedl,  1849;  Paramecmm  costafnm  Chaussat,  1850;  UnduUna  Ray  Lankester,  1871; 
Paramecioides  costatus  Grassi,  1882;  and  Ilematamonas  Mitrophanow,  1883. 

Danilewsky  (1885)  described  at  least  six  varieties  of  parasites  in  the  blood  of  frogs. 
He  noted  the  change  in  the  blood  at  rest  from  the  flagellate  to  the  ameboid  stage,  as 
had  already  been  mentioned  by  others.  Ameboid  forms  w^ere  seen  to  segment  into 
sixty-four  spores,  which  gradually  assumed  monad  forms  and  divided  by  longitudinal 
division.  Transverse  division  also  was  occasionally  seen.  Fliigge  (1896)  stated  that 
these  parasites  ver}^  closely  resembled  Tr.  lewisii.  Multiplication  consisted  in  longi- 
tudinal and  transverse  division  and  spore  formation,  the  latter  sometimes  being  pre- 
ceded by  an  ameboid  stage.  He  gave  the  length  as  80  microns  and  mentioned  tliat 
the  parasites  were  provided  with  an  undulating  membrane  and  fiagella.  He  said 
that  they  were  found  in  frogs,  tortoises,  fish,  birds,  oysters,  chickens,  and  geese.  In 
general  structure  they  resembled  Trypanosoma.  Their  pathogenic  action  was  not 
known. 

Koninski  (1901 )  again  called  attention  to  the  probability  of  an  increase  in  the  occur- 
rence of  7V.  sanguinis  Gruby  wdth  the  age  of  the  animals.  They  were  found  at  all 
seasons  of  the  year  and  are  more  common  in  males  than  in  females.  No  disejise  w^as 
produced  in  frogs,  and  there  was  no  evidence  of  the  mode  of  transmission  in  these 
animals  even  when  they  w^ere  kept  together  for  months. 

Eberth  (1861)  discovered  in  the  intestines  of  birds  a  parasite  wdiich  was  named  by 
Kent  Tr.  eberthii,  but  which,  in  all  probability,  was  a  Trichomonas. 

Lewis  (1878  and  1879)  described  Trypanosoma  found  in  the  rats  of  India.  In  a 
second  paper,  pubhshed  in  1884,  he  considered  these  Tr?/;)ano,9om a  identical  with  Tr. 
evansii.  Opie,  Flugge,  and  some  other  writers  give  the  credit  for  discovering  7'r.  lewisH 
to  Osier,  but  we  have  been  unable  to  verify  the  reference,  and  Osier  does  not  indi- 
cate that  such  is  the  case  in  his  article  on  the  Ilematozoon  of  malaria  (B.  M.  J.,  March 
12,  1887)  in  which  he  reviews  the  work  of  Lewis  and  others  on  Trypanosoma. 

Biitschli  (1880)  found  flagellates  in  the  intestinal  canal  of  a  nematode  {Tribolus 
gracilis)  and  also  in  the  intestines  of  domestic  flies.  Including  flagella  they  meas- 
ured about  33  microns  in  length  and  were  sometimes  observed  in  stellate  colonies. 

Wittich  (1881)  discovered  in  the  blood  of  hamsters  a  Trypanosoma  which  he  con- 
sidered identical  with  Tr.  lewi.m.  This  observation  was  confirmed  by  Koch. 
Witti(4i's  work  was  done  in  Germany  on  twelve  hamsters  imported  from  Africa. 
He  states  that  his  organism  agrees  in  all  respects  with  Lewis's  description  of  the 
Trypanosoma  of  rats  in  India.     Eleven  of  his  hamsters  died;  but  he  did  not  consider 
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Trypanosoma  to  have  played  any  part  in  the  malady  to  which  they  succumbed, 
althongli  present  in  all. 

(t.  I*] vans  (18H0)  discovered  TnjjxmoMyma  in  tlie  lilood  of  horses  suffering  with  the 
well-known  surra  of  India.  He  ])roved  the  causativcMigency  of  th<'se  i>arasites  in  the 
production  of  the  disease.  »Steel  (1885)  confirmed  Evans's  work,  and  named  the 
parasite  fS])iro('Jiefa  J^rand.  Crooksliank  (188(>)  made  a  report  on  these  parasites, 
confirming  Evans' s  and  BteePs  w  ork.  ITe  considered  these  Trypanosoma  identical  with 
Mitro])hanow's  Trypanosoma  of  carp. 

Kent  (1881)  discovered  ^''  llerpeioynonas^^  in  the  intestines  of  the  domestic  fly.  His 
[uirasite  had  no  undulating  membrane  and  was  probably  not  a  Trypanosoma. 

Cortes  (1882)  found  in  the  digestive  tube  of  an  oyster  a  parasite  which  has  been 
nauKHl  Tr.  halhianii  The  general  description  follows  that  of  Trypanosoma,  l)ut  slight 
differences  of  intc^rnal  structure  were  noted.  Undulating  membrane  and  fiagella 
were  ])resent,  ])ut  nucleus,  nucleolus,  and  vacuole  were  not  observed.  In  a  later 
pa])er  he  demonstrated  a  nucleus,  lie  considered  this  Trypanosoma  closely  related 
to  Mitrophanow's  '^Jlematomonas^'  {Trypanosoma.)  of  fisli.  Laveran  and  Mesnil 
(1901 )  found  these  parasites  rarely  in  Portuguese  oysters  and  frequently  in  common 
oysters.  They  say  that  the  bodies  were  not  flagellate  and  that  the  i)resence  of  an 
undulating  membrane  was  questional)le.  They  do  not  consider  Certes's  organism  a 
Trypanosoma,  l>ut  rather  a  bacterium. 

Mitrophanow^  (1883)  described  Trypanosoma  hi  mudfish  (Cobatus  fossilis).  His 
parasite  w^as  1  to  1 J  microns  broad  and  30  to  40  microns  long.  He  gave  a  very  careful 
description  of  this  organism,  which  occurred  in  nearly  all  the  fish  examined  and  was 
more  numerous  in  hot  than  in  cold  weather.  He  gave  the  group  the  name  ^'ITema- 
tomonas ' '  and  described  two  species. 

Moebius  (1883)  found  Trypanosoma  in  oysters  (I'apcs  dccu.'isata,  and  Tapes pullasira). 
These  j)arasites  were  studied  by  Lustrac  (1896),  who  considered  them  Trypanomma. 

Marchifava  and  Celli  (1885)  found  in  the  blood  of  a  patient  with  malarial  fever 
parasites  very  closely'  resembling  the  Trypanosoma  of  frogs,  birds,  und  fish.  Nep\'eu 
(1898)  described  Trypanosoma  in  seven  cases  occurring  in  men,  six  of  whom  were 
suffering  from  malarial  fever.  Barron  is  quoted  1)y  Laveran  as  having  seen  flagel- 
lates in  the  blood  of  an  ansemic  woman.  During  1902,  Dutton,  Forde,  Sambom,  Man- 
son,  and  others  have  described  the  occurrence  of  Trypanosoma  in  human  beings. 
Dutton  first  published  an  account  of  these  parasites,  found  in  the  blood  of  Doctor 
Forde' s  patient. 

Danilewsky  (1890)  found  a  Trypanosoma  in  the  blood  of  birds,  naming  it  Tr.  san- 
guinis eransii.  Like  Biitschli's  parasite,  it  had  a  long  ilagellum  and  an  undulating 
membrane.  Division  was  longitudinal,  transverse,  or  by  segmentation  from  the 
ameboid  stage.  No  symptoms  were  produced  in  the  host.  Danilewsky  thought  this 
|)robably  due  to  the  high  temperature  of  the  birds  or  the  tolerance  acquired  by  gen- 
erations of  infection. 

Laveran  and  Mesnil  (1901)  found  Trypanosoma  in  three  kinds  of  fish — brochet, 
sole,  and  redeye.  That  found  in  the  brochet  they  say  closely  resembled  Tr.  evansii, 
etc.,  and  w^as  named  by  them  Tr.  remakii,  after  Remak,  who,  they  say,  first  observed 
the  parasite  in  1842.  The  Trypanosoma  from  the  sole  was  also  of  the  same  general 
type,  and  they  designated  it  as  Tr.  soleiv.  I^averan  and  Mesnil  state  that  Trypanosoma 
had  not  previously  been  ol)served  in  salt-water  fish,  l)ut  in  this  they  are  probal)ly 
mistaken,  for  Fliigge  (189(3)  reported  finding  them  in  the  fish  of  the  Mediterranean 
Sea.  The  organism  which  they  found  in  the  redeye  had  a  fiagellum  at  each  end. 
They  placed  it  in  a  separate  genus,  which  they  called  Trypanoplasma,  giving  the 
parasite  the  name  Trypanoplasma  horrclU. 

Rouget  (1896)  described  Trypanosoma  found  in  the  blood  of  a  horse  suffering  from 
dourine  (beschalseuche),  and  for  two  and  one-half  years  continued  the  study  of  this 
organism  in  susceptible  animals.  Wasilewsky  and  8enn  (1899)  confirmed  Rouget's 
work,  and  determined  the  pathogenic  action  of  this  Trypanosoma  for  the  horse, 
imssing  it  through  other  animals  and  back  to  the  horse,  reproducing  the  disease. 
Voges  says  that  this  Trypanosoma  w^as  discovered  by  Chauvrat  in  1892.  f«  Laveran 
and  Mesnil  (1901)  proposed  the  name  Tr.  rongetii  for  the  parasites  of  dourine. 
Doflein  (July,  1901)  named  it  Tr.  cquiperdum,  which  is  the  name  used  also  by  Salmon 
and  Stiles. 

Elmassian,  according  to  Voges,  in  1901  first  differentiated  the  Trypanosoma  of  mal 
de  eaderas  in  South  America,  while  Voges  (1902)  very  carefully  described  the  para- 
site, proved  its  i^athogenic  action,  and  named  it  Tr.  cquinum. 

Theiler,  in  an  article  published  by  Bruce  (1902),  is  credited  with  the  discovery  of 
a  new  Trypanosoma  of  cattle  in  South  Africa.     Bruce  proposed  the  name  Tr.  theilerii. 


<'^  Reference  not  available. 
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During  the  same  year  Theiler  found  a  different  species  of  Trypanomma  in  the  cattle 
of  the  Transvaal,  sending  s})eciniens  of  it  to  l.averan,  wlio  })ases  his  .•statement  tliat 
ir  IS  a  distinct  germs,  particularly  on  the  location  of  tlu^  centrosoiui^  near  the  center 
of  the  body,  close  to  and  sometimes  united  to  the  nucleus.  He  p?oposed  the  name 
Tr.  transradhevse  for  this  parasite. 

In  1901  Smith  and  Kinyoun  described  a  parasite  which  had  been  ol)served  by  Doctor 
Joblmg  in  the  blood  of  a  sick  horse  in  Manila,  and  this  parasite  was  afterwards  deter- 
mmed  to  be  a  Trypanosoma.  Later  in  the  same  year  Smith  made  some  additional 
notes  on  the  organism  and  considered  it  Tr.  evansn. 

Curry  (1902)  described  the  parasite  and  classed  it  as  a  Trypanosoma,  but  was  unable 
to  state  whether  it  was  Tr.  evansil  or  Tr.  brucei.  His  description  was  the  first  accu- 
rate one  of  the  parasite  found  here. 

^^  Technique  for  the  study  of  Trypanosoma. — For  the  determination  of  the  presence  of 
Trypanosoma  in  the  blood  only  a  fresh  preparation,  such  as  is  used  for  the  examination 
for  malaria,  is  needed.  The  parasites,  where  numerous,  are  readily  observed  with  a 
DD,  or  even  an  A  A,  objective  and  No.  4  ocular  Zeiss.  If  they  are  scarce,  consideral)le 
time  may  be  necessary  to  find  one,  but  once  seen  the  diagnosis  is  easy,  and  may  be 
facilitated  by  staining  the  si)ecimen  by  any  of  tlie  approved  methods.  For  a  careful 
study  stained  specimens  are  essential. 

Fairly  good  results  are  obtained  by  any  of  the  methods  used  for  staining  malarial 
parasites.  Romanowsky's  method,  or  any  of  its  modifications,  particularly  Wright's, 
gives  beautiful  pictures.  Laviran  and  Mesnil  have  also  published  directioias  for  mak- 
ing an  excellent  stain. 

A  most  satisfactory  stain  for  Trypanosoma  is  one  prepared  by  Dr.  I*aul  (t.  Woolley, 
patiiologist  in  this  laboratory,  and  published  here  for  the  first  tiine  with  his  permission. 

Fix  smears  in  absolute  alcohol  for  ten  minutes. 

A.— Eosin  ( w)   (Grubler) grams. .  1 

Distilled  water .do 1,  000 

B. — Polychrome  methylene  blue  ( Unna) . 

C— Methylene  blue  (Med. )  (Grubler) do 1 

Distilled  water do lOO 

D. — Of  solution  B parts. .  2 

Of  solution  C do 1 

Mix  and  add  1  c.  c.  of  A  to  each  4.5  c.  c.  of  D. 

Stain  by  immersion  for  twenty  to  thirty  minutes.  Wash  with  water.  Wash  for 
two  to  five  seconds  with  solution  A  and  blot  immediately. 

The  effects  on  protoplasm  and  nuclear  material  may  be  regulated  by  longer  and 
shorter  exposure  to  the  eosin  solution  in  the  last  step. 

Life  cycle. — Salmon  and  Stiles  write  of  flagellates  as  follows: 

"In  general,  but  especially  in  reference  to  the  lower  forms,  it  may  be  said  that 
the  protoplasm  is  quite  homogeneous.  A  nearly  fluid  endoplasm  may  l>e  recognized 
surrounded  by  a  peripheral  octoplasm.  The  latter  in  turn  may  be  l)ounded  by  a 
more  dense  layer,  like  a  delicate  cell  membrane.  These  three  divisions  are,  how- 
ever, not  always  very  distinct,  but  grade  almost  im])erceptibly  into  one  another. 
The  pharynx  is  a  very  superficial  infundibulum.  A  permanent  anus  aj)pears  to  be 
absent,  but  the  excreta  appear  to  be  expelled  from  a  less  resistant  point  at  the  ])0s- 
terior  extremity,  without,  howeyer,  leaving  any  trace  of  their  passage.  The  flagellum 
represents  an  organ  of  locomotion,  and  there  may  be  one  or  more  present.  The  pul- 
sating yacuole  is  near  the  surface,  but  does  not' appear  to  possess  either  a  distinct 
membrane  or  a  permanent  pore.  The  nucleus  is  rounded  and  appears  to  be  provided 
with  a  nuclear  membrane  and  nucleolus.  If  conditions  become  unfavorable,  as 
when  the  medium  becomes  too  condensed  by  evaporation  or  too  toxic  by  extreme 
putrefaction,  the  flagellate  may  discard  its  flagellum,  become  round,  and  form  a  sur- 
rounding cyst  membrane.  Upon  return  of  favorable  conditions  it  may  escape  from 
the  cyst,  and,  forming  a  new  flagellum,  recommence  its  active  life,  or  it  may  divide 
during  encystment.  The  division  of  the  free  form  in  multiplying  is  usually  longi- 
tudinal. In  some  cases  the  organism  encysts  before  dividing.  Then,  by  a  longitudi- 
nal division,  two  organisms  are  formed.  The  latter  may  then  escape,  form  their 
flagella,  and  become  active,  or  each  daughter  organism  may  reencyst  and  divide  fur- 
ther, or  the  mother  flagellate,  when  encysted,  may  divide  into  a  large  number  of 
so-calknl  'spores,'  eacli  of  which,  upon  escaping,  forms  its  flagellum.  There  may 
also  be  a  complete  conjugation  of  the  two  individuals,  followed  by  encystment  and 
division  into  numerous  young." 
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The  illiiatration  ({\^.  57),  taken  from  Doflein,  is  intended  to  show  the  variations 
in  the  Ufe  cycles  of  the  tla^elhites'. 


Fig.  57. 

But  httle  is  known  w^ith  reference  to  that  of  Trypanosoma,  and  the  majority  of 
writers  so  express  tliemselves.  However,  a  number  have  observed  in  the  blood 
bodies  of  various  kinds,  which  they  have  considered  as  having  to  (h>  with  the  phase 
in  the  cycle  of  development.  Voges  and  others  consider  the  entire  life  cycle  of  the 
parasite  to  be  acted  out  in  the  1)lood  and  present  very  good  arguments  in  favor  of 
their  conclusions.  Schat  is  the  only  author,  among  those  whom  we  have  been  able 
to  review,  who  believes  in  an  intermediate  host  for  the  parasites. 

He  says:  "Analogously  to  what  is  known  to  be  true  in  malaria,  it  appears  that  the 
surra  parasite  also  goes  through  a  cycle  of  sexual  development  in  the  l)ody  of  the  Hy, 
and  in  that  of  tlie  horse,  cow,  and  donkey  an  asexual  one.  The  asexual  develop- 
ment may  be  of  two  kinds,  one  the  formation  of  spores  and  the  other  division. 

"  In  the  blood  of  horses  or  cows  and  in  that  of  our  experimental  animals  we  have 
not  observed  during  the  whole  course  of  the  investigation  a  sexual  union  of  the 
])arasites,  wliich  is  contrary  to  the  observations  of  Penning  and  Plimmer  and  Brad- 
ford, who  make  mention  of  forms  of  conjugation. 

"In  this  regard  we  feel  justified  in  supposing  that  an  hypothesis  similar  to  that 
whicli  Manson  proposed  for  malaria  liolds  true  also  in  the  case  of  surra;  that  is, 
a  blood-sucking  insect  (the  Sfomojys)  serves  as  a  host  in  this  disease  also,  and  that 
the  surra  parasite  is  propagated  in  the  body  of  this  insect  outside  of  the  horse  and 
cow."     Fig.  58  taken  from  this  author  illustrates  his  observations. 

We  are  inclined  to  accept  V^oges's  idea  of  the  life  cycle.  Trypanosoma  have  not 
been  found  living  outside  the  animal  for  any  considerable  length  of  time;  tlie 
removal  of  the  animal  host  from  a  locality  always  results  in  the  disappearance  of  the 
disease,  and  attempts  permanently  to  infect  media  of  any  kind  have  usually  proved 
unsuccessful.  We  have  performed  a  number  of  experiments  with  biting  flies  caught 
on  sick  animals,  and  have  failed  to  convey  the  disease  after  twenty-four  hours,  either 
by  allowing  these  flies  to  bite  susceptible  animals,  or  by  injecting  or  feeding  emul- 
sions of  these  insects  during  their  lifetime.  This,  of  course,  argues  against  the 
probability  of  any  but  a  short  life  cycle  in  these  insects. 

Recently  Novy  has  reported  the  cultivation  of  7V.  Jeirim  for  over  a  year,  without 
any  loss  in  their  virulence,  in  a  medium  composed  of  agar  and  ral)bit's  blood.  Only 
very  brief  mention  of  this  report  has  been  received,  and  we  are  unable  to  determine 
what  is  meant  by  "no  loss  of  virulence"  in  Tr.  leivimi  The  w^ork  is  interesting  and 
the  results  would  seem  to  furnish  further  evidence  that  an  intermediate  host  plays  no 
part  in  the  life  cycle  of  Trypanosoma. 

General  character. — Trypanosoma  of  all  species  are  in  general  similar  organisms. 
The  family  diagnosis,  as  given  by  Salmon  and  Stiles,  is  as  follows: 

"Flagellate  parasitic  forms  with  one  chief  flagellum  directed  anteriorly;  in  some 
forms  a  secondary  llagellum  directed  posteriorly;  body  usually  with  two  angles,  and 
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wound  more  or  less  in  the  form  of  a  spiral;  one  anpjle  of  the  body  provided  with  an 
undulating  niembraue.     One  nucleus  and  one  eentrosonie  ])resent." 

The  niorpholog}^  varies  greatly  in  the  same  species  of  Trf/pntitm))na,  and  also  to  a 
greater  extent  in  different  species.  In  general  the  jmrasites  may  \h)  said  to  measure 
from  1  to  5  microns  in  tliickness  and  from  15  to  45  microns  in  length,  including 
flagelium.  They  all  show  very  active  eel-like  movements  and  some  motility.  In 
some  species  the  latter  is  very  sliglit,  the  parasites  undulating  with  extreme  rapidity 
but  covering  so  short  a  distance  as  to  be  easily  followed  under  tlie  microscope;  while 
in  others,  especially  Tr.  lewim,  the  movements  are  often  so  rapid  in  freshly  drawn 
blood  that  it  is  imjxissible  to  keep  the  parasite  in  the  field.  Some  writers  have  used 
these  variations  in  motility  as  a  diagnostic  point  in  differentiating  the  organisms,  and 
in  general  some  importance  may  be  attached  to  it;  l)ut  there  arc^  so  many  exce})tions, 
due  to  conditions  which  are  not  imderstood,  that  its  value  in  differential  diagnosis 
may  partly  l)e  disregarded.  Variations  are  occasionally  found  in  one  species,  often 
indeed  in  a  single  preparation,  whicli  are  nearly  as  great  as  those  oliserved  between 
different  species. 

The  Hagellum  at  the  anterior  end  of  tlie  parasite,  in  all  forms  wdiich  Ave  have 
studied,  varies  greatly  in  length.  It  is  always  actively  motile,  ])ointed,  and  continu- 
ous, with  the  thickened  margin  of  the  undulating  membrane  ending  at  or  near  the 
centrosome  or  micronncleus.  It  may  be  entirely  homogeneous,  or  it  may  contain 
from  two  to  several  distinct  granules  extending  well  out  from  the  body  of  the 
parasite. 

The  undulating  membrane  extends  along  one  border  of  the  organism  from  near  the 
centrosome  in  the  posterior  portion  to  the  anterior  end  of  the  parasite,  from  where  it 
continues  as  the  free  flagelium.  Its  l)readth  and  folds  vary  consi<lerably  in  tlie  sann^ 
and  in  different  species  of  parasites,  and  also,  no  doubt,  to  a  considerable  extent  with 
the  age  of  the  Trypanosoma.  Many  authors  assert  that  the  young  forms  are  entirely 
free  from  this  membrane. 

Tlie  imcleus  is  usually  situated  in  the  anterior  half  of  the  parasite  and  varies  con- 
siderably in  size  and  shape.  It  is  generally  oval  or  round,  and  assumes  other  contours 
with  the  different  stages  of  division. 

The  centrosome  is  usually  in  the  posterior  and  more  blunt  end,  and  appears  to 
have  an  intimate  association  with  the  flagelium  and  undulating  membrane.  Its 
varying  distance  from  the  posterior  end  has  been  used  as  a  diagnostic  point  in  deter- 
mining the  species,  but  not  much  importance  can  be  attached  to  it,  for  it  has  been 
shown  tliat  the  posterior  end  of  the  Trupanomma  is  undoubtedly  contractile,  so  that 
the  distance  from  the  extremity  at  which  the  centrosome  is  found,  and  also,  to  a  cer- 
tain extent,  the  degree  of  bluntness  of  this  part — a  feature  whicli  has  been  so  nuich 
discussed  depend  ])artly  upon  its  contraction  or  elongation  at  the  time  of  fixation  for 
staining  and  study. 

The  protoplasm  is  homogeneous  or  granular,  depending  upon  the  age  of  the  para- 
site, its  environment,  and  no  doubt  to  a  certain  extent  upon  the  species.  The  gran- 
ules may  vary  in  number  and  size  from  a  very  few  small  ones  situated  in  tlie  anterior 
portion  Of  the  Triipanosoina  to  numerous  large  ones  scattered  throughout  the 
protoplasm. 

Midtiplivation. — Voges  gives  three  forms  of  multiplication,  i.  e.,  longitudinal  and 
transverse  fission  and  segmentation.  He  did  not  observe  conjugation.  The  chroma- 
tin divides  into  from  3  to  10  segments,  which  assume  irregular  shapes  and  locations, 
and  some  of  wliich  are  often  found  well  up  in  the  flagelium.  The  nucleous  usually 
divides  into  ecpial  parts,  but  may^  break  into  several  segments.  After  division  the 
protoplasm  may  assume  various  irregular  forms.  The  young  nuclei  arrange  them- 
selves in  groups,  and  the  parasite  twists  and  splits  by  longitu(iinal  or  more  often  by 
transverse  fission.  The  new  division  forms  are  often  bowl-shaped,  but  gradually 
assume  their  regular  outline.  Sometimes  a  jmrasite  assumes  the  appearance  of  a 
globular  mass,  nuclei,  showdng  a  number  of  fiagella,  form  around  the  periphery  and 
division  into  several  segments  occurs. 

Plimmer  and  Bradford  consider  longitudinal  and  transverse  division  the  more  fre- 
quent modes  of  reproduction,  although  they  observed  also  conjugation,  which  con- 
sisted in  the  fusion  of  the  micronuclei,  followed  by  an  ameboid  stage  and  division  by 
segmentation.     The  ameboid  stage  at  times  occurred  independently  of  (^mjugation. 

Martini,  who  has  recently  worked  with  irypanosoma  obtained  from  an  infected 
pony  imported  to  Berlin  from  Togo,  gives  five  stages  of  multiplication  as  follows: 
First  stage:  Broadening  out  of  the  chromatin  grains  of  the  nucleus;  flagelium 
thickens;  nucleolus  appears  to  be  a  thick  streak;  chromatin  granules  loosen. 
Second  stage:  Two  chromatin  heaps;  two  nuclei;  pairs  remain  together;  beginning 
division  of  the  undulating  membrane.  Third  stage:  Two  distinct  membranes  seen. 
Fourth  stage:  Two  flagella,  one  slightly  shorter  than  the  other.  Fifth  stage:  Young 
trypanosoma  attached  only  at  the  posterior  end.  Sometimes  one  of  these  is  already 
seen  in  the  process  of  fission. 
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II(^  (lid  iH)t<>l)8erve  any  other  foriiiH  of  luultiplication  or  coiiiugation. 

S('liilliii<r  (li(l  ii()t  Hee  nniltiplication  forms  ill  the  circulating'  })loo(l  in  connection 
with  surra  in  Toj^o.  He  considers  the  mode  of  division  to  1)0  influenced  by  the 
number  of  cliromatin  granules  found  in  the  parasite  and  to  be  usuahy  })y  longitudi- 
nal iission.  lie  did  not  o])serve  ameboid  forms  or  conjugation.  He  gives  two  stages 
in  the  usual  niode  of  multi[)lii'ation.  In  the  first  one  a  double  undulating  membrane 
is  seen,  and  in  the  second  the  whole  undulating  membrane  divides  longitudinally 
and  gradually  separates  the  parasite,  the  posterior  end  being  the  last  to  part.  Young 
forms  have  no  undulating  membranes.  Daughter  parasites  are  always  smaller  than 
t\\o  parents. 

Laveran  and  Mesnil  have  studied  the  forms  of  multiplication  very  carefully  and 
consider  tliat  with  the  Trypanosoma  of  nagana,  multii)lication  in  the  blood  is  l)y  lon- 
gitndinal  division  only  and  into  young  of  e(iual  size,  wdiich  are  also  nearly  as  large 
as  the  adults. 

Dividing  forms  are  always  present  in  the  blood,  and  just  before  division  begins  the 
])arasite  increases  in  size.  The  order  of  division  is  as  follows:  ( 1 )  Centrosome,  (2) 
tlagellum,  and  (8)  nucleus  and  protoplasm.  The  centrosome  first  elongates  and 
dividers  into  two  round  bodies  followed  by  a  division  of  the  Hagellum.  Tfie  nucleus 
increases  in  size.  New  nuclei  are  then  formed  by  direct  division.  The  protoplasm 
follows  the  nucleus  in  separation  and  may  begin  at  the  free  end.  Two  parasites  may 
remain  attached  at  tlie  posterior  ends  for  some  time  after  division,  and  both  may 
then  divide  again  before  sei)aration  is  complete.  These  authors  have  not  yet  seen 
the  young  forms  (A  Kanthack,  Durham,  and  Blandford,  or  the  ameboid  forms  of 
IMimmer  and  l^radford.  They  give  some  variations  from  the  i)arasite  as  described  by 
Lewis,  but  this  poiiit  will  be  more  fully  disciussed  under  "Differential  Diagnosis  of 
Tn/p<i)tos()n}a.^^ 

Sivori  and  J.etder  agree  witli  Laveran  and  Mesnil  as  to  the  modes  of  nuiltiplica- 
tion  illustrated  by  fig.  61,  18-28.- 

Rosette  formations  of  Tnjpanmoma  have  l)een  extensively  noticed,  but  considerable 
difference  of  opinion  as  to  th(^ir  cause  has  been  expressed.  Some  consider  them  as 
(Mitirely  a  nudtiplication  ])liase,  others  as  agglutination,  Avhile  the  majority  agree  that 
such  formations  may  l)e  the  result  of  eitlier  of  these  phenomena.  There  c(Ttainly 
can  be  no  (piestion  tliat  these  iigures  occasionally  result  as  a  phase  of  multiphcatioii. 
Rabinowitsch  and  Kempner  compare  them  to  the  segmenting  malarial  parasite. 

The  metliods  of  reproduction  described  comprise  those  of  the  most  im[)ortanct?  and 
represent  the  views  of  many  of  the  writers  whom  we  have  l)een  able  to  review. 
8cliat,  as  has  ])een  seen  in  the  discussion  of  the  life  cycle  of  Tnjpanoi^oma,  h(ddssome 
very  original  o}>inions.  8o  far  as  his  work  has  to  do  with  multiplication,  he  main- 
tains that  the  asexual,  longitudinal  division  occurs  in  the  bloo<l  of  infe(^ted  animals 
and  that  the  sexual  reproduction  takes  place  in  certain  flies. 

In  our  studies  we  have  never  observed  conjugation,  and  in  blood  under  normal 
conditions  reproduction  by  transverse  division  or  segmentation  is  very  rare,  hongi- 
tudinal^  division  is  by  far  the  most  frecpient  form,  and  usually  takes  })lace  in  the 
order  given  by  Laveran  and  Mesnil.  Tliis  is  not  constant,  however,  for  in  the  same 
specimen  of  the  parasites  taken  from  the  blood  of  an  infected  dog,  horse,  or  other 
animal,  w-e  have  seen  individuals  showdng  this  order  and  others  in  which  the  division 
certainlv  differed  from  the  course  dt^^scribed  by  these  authors.  Figs.  32-H5  illus- 
trate this  j^oint.  Elmassian,  working  with  the  South  American  disease,  has  recently 
reported  results  similar  to  ours. 

The  parasites,  just  before  death  is  evident,  usually  become  thicker,  but  sometimes 
this  stage  is  not  perceptible.  When  it  occurs,  it  may  proceed  to  such  an  extent  that 
the  transverse  diameter  of  the  Trypanosoma  will  measure  from  5  to  7  microns 
before  any  other  evidence  of  division  can  be  observed  (No.  35) .  From  this  point  the 
picture  is  not  constant.  In  many  forms  the  next  change  to  l)e  noticed  is  a  division 
of  the  nucleus  into  one  or  more  parts  (fig.  63,  no.  34,  35).  The  centrosome  usually 
divides  lirst,  although  in  some  instances  the  flagella  show  beautiful  division  extend- 
ing well  down  into  tlie  undulating  membrane,  without  the  slightest  apparent  change 
in  either  the  centrosome  or  the  nucleus. 

Schilling's  statement  that  the  mode  of  multiplication  depends  upon  the  number  of 
granules  w^hich  the  parasite  contains  appears  to  us  deserving  of  careful  consideration. 
Longitudinal  division  in  an  individual  containing  numerous  large  granules  is  rarely 
seen.  These  parasites  assume  numerous  shapes  and  often  arrange  themselves  as  if 
segmentation  were  in  progress  (tig.  64,  36-42),  and  in  the  majority  of  cases  they  are 
the  ones  that  produce  tlie  involution  forms. 

Aggh(frna/io7i.~~^o\eri\]  observeis  ha\'e  noted  tlu^  bunching  together  of  Trypano- 
soma under  certain  conditions,  and  have  described  tlie  ]>lienomenon  as  agglutination. 
Some,  as  has  already  been  mentioned,  consider  this  to  be  a  multiplication  phase, 
while  others  suppose  it  to  be  the  natural  position  assumed  by  the  parasite  just  before 
dying.     The  process  has  not  been  seen  at  all  by  some  of  the  most  careful  investigators. 
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Laveran  and  Mesnil  regard  tlie  agglutination  of  IVupanosoma  as  a  phenomenon 
similar  to  that  produced  in  bacteria  and  believe  it  to  b(^  brought  about  by  a  nund)er 
of  conditions.  Among  their  reasonn  for  tliis  conchision  they  mention  the  continued 
motility  of  the  parasites  after  clumping  and  the  fact  that  the  reaction  in  most  marked 
with  weak  specilic  sera  and  less  so  with  strongly  fortitied  ones.  Kabinowitch  and 
Kempner,  how  ever,  were  unable  to  obtain  agglutination  with  their  sjxH'itic  serum. 
According  to  Laveran  and  Mesnil,  the  reaction  may  bc^  obtained  lK)th  with  living 
organisms  and  with  dead  ones,  and  it  does  not  stop  the  motility  of  either  the  indi- 
vidual or  the  aggregation  of  parasites. 

The  reaction  always  begins  in  the  same  way.  Two  parasites  are  seen  to  join  by 
their  posterior  ends  (tig.  67,  45)  and  from  a  number  of  these  rosettes  are  built  u[) 
the  posterior  ends  of  the  indivi<hials  pointing  toward  the  center  and  their  bodies 
extending  outward  like  the  spokes  of  a  wheel.  (Fig.  66,  48  and  4(). )  Sucli  masses 
may,  under  certain  conditions,  group  tliemselves  and  form  sec^ondary  axes.  (Fig.  67, 
44  l\ui\  47, ) 

Agghitination  often  occurs  in  detibrinated  blood  containing  Tri/paiiosoma  and  kept 
on  ice.  Tlui  serum  obtained  from  a  rat  partly  innnunized  by  the  injection  of  blood 
containing  Tn/panosoma^  when  mixed  witlu  infected  detibrinated  blood,  causes 
agglutination. 

Parasites  whicli  liave  been  killed  or  paralyzed  l)y  formol,  chloroform,  or  a  specific 
seruui  are  agglutinated  by  the  same  agencies  wdiich  produce  the  rea(*tion  in  tlu^,  living 
organism. 

Agglutinations  often  are  not  permanent,  and  under  certain  conditions,  according 
to  Laveran  and  Mesnil,  "disagglomeration"  takes  place.  In  this  the  secondary  for- 
mations are  tirst  broken  up,  and  then  the  primary  rosettes  disunite  or  lose  a  part  of 
their  elements.  They  consider  this  "disagglomeration"  to  be  in  inverse  ratio  to  the 
agglutinating  value  of  the  serum  employed. 

Normal  rat's  blood  lias  no  agglutinative  action,  but  Avhen  fortitied  by  inoculations 
does  gain  this  power.  Five  to  10  c.  c.  of  tryi)anosomatic  l)lood  injected  into  a  rat 
will  produce  a  serum  capable  of  agglutinating  Trtipanosoimi  m.  detibrinated  ])lood  in 
a  dilution  of  1-5  to  1-50. 

One  of»Laveran  and  Mesnil's  rats,  which  in  seven  months  had  received  l^inocnda- 
tions  of  l)lood  containing  Irj/panosoma,  gave  a  serum  which  in  a  dilution  of  1-10  so 
paralyzed  the  Trypanosoma  that  rosettes  w^ere  not  formed. 

Serum  exposed  to  a  temperature  of  55°  to  58°  C.  during  one-half  to  three-fourths 
of  an  hour  did  not  lose  its  power  to  agglutinate,  but  was  materially  weakened. 
Exposure  to  63°  to  65°  C.  for  half  an  hour  completely  destroyed  its  agglutinative 
properties. 

Adult  guinea  pigs  w^ere  immunized  by  several  injections  of  infected  blood.  Their 
serum  had  a  feeble  agglutinative  reaction  for  Tr.  brucei.  With  a  similar  serum  from 
young  guinea  pigs  no  agglutinative  reaction  was  obtained.  The  serum  of  a  pigeon, 
guinea  pig,  or  frog  did  not  show  an  agglutinative  reaction  for  Tr.  Icivisii^  but  that  of 
a  sheep,  dog,  or  rabbit  gave  a  slight  one  for  these  j)arasites.  With  sera  from  the 
horse  and  the  chicken  agglutinations  were  more  definite  and  occurred  in  dilutions 
of  1-2  to  1-10. 

Of  all  the  animals  examined,  the  serum  from  the  horse  was  the  most  active  and 
that  of  the  chicken  second,  but  in  both  of  .these  the  reaction  was  greater  for  red 
blood  cells  than  for  Trypanosoma.  Human  serum  did  not  agglutinate  Tr.  brucei,  but 
the  sera  of  guinea  pigs  and  of  pigs,  which  have  no  curative  properties,  gave  beautiful 
agglutinations  when  mixed  with  trypan osomatic  blood.  This  would  seem  to  prove 
tliat  agglutinating  and  curative  properties  are  separate  and  distinct.  Agglutinations 
once  formed  had  a  tendency  to  disagglutinate  in  most  sera  as  well  as  in  other  sub- 
stances. In  the  rabbit  this  was  accomplished  at  the  end  of  several  hours.  They 
persisted  best  in  the  sera  of  the  dog  and  the  sheep.  Rats  immunized  by  respeated 
injections  of  Tr.  lewidi  showed  but  feeble  agglutinative  reaction  with  their  own 
parasites. 

According  to  Rost,  surra  blood  mixed  with  goat  serum  in  the  hanging  drop  in  a 
moist  chamber,  killed  the  Trypanosoma  in  two  and  one-half  minutes,  sometimes  with 
agglutination;  control  parasites  were  all  dead  in  tw^enty-three  hours. 

Sivori  and  Lecler,  in  a  preparation  of  horse's  blood  containing  munerous  Trypan- 
osoma,  sometimes  observed  two,  three,  and  even  six  individuals  or  more,  united  at 
their  posterior  extremities  and  arranged  in  a  radiate  figure.  The  center  of  the  figure 
was  sometimes  near  a  red  cor|)uscle  or  a  leucocyte.  The  parasites  so  united  preserved 
their  motility.  In  the  blood  of  a  young  cat,  containing  numerous  Trypanosoma  and 
prepared  in  a  hanging  droj),  there  were  visible  at  the  end  of  an  hotu"  eight,  ten,  or 
tw^elve  agglomerated  parasites.  Many  of  these  agglomerations  separated  after  a 
certain  length  of  time. 
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Layeran  and  Mesiiil  write:  ^'Tlie  Trypanosoma  of  nagana  sometimes  unite;  under 
certain  conditions  tiiey  form  primary  agglomerations  m  rosettes;  rarely  large  sec- 
ondary agglomerations,  which  are  common  in  blood  containing  Tr,  lewisii,  are 
observed. 

''These  Tn/panosom  a  united  two  by  two  would  suggest  conjugation,  but  this  inter- 
pretation is  not  admissible,  as  the  agglomeration  is  not  observed  in  pure,  fresh  blood 
and  IS  produced  only  under  conditions  which  may  be  called  abnormal.  The  number 
of  individuals  which  agglomerate  is  exceedingly  variable. 

'*In  Tr.  brncei,  as  in  7>,  kwirii,  the  agglomerations  may  be  seen  to  separate  after 
varymg  lengths  of  time. 

"We  have  seen  agglomerations  of  Trifpanosonia  in  the  pure  blood  taken  from  the 
heart  after  one-half  to  one  hour,  in  the  peritoneal  exudates  after  an  injection  of 
blood  rich  in  Tryinnumnna  into  the  peritoneum  of  rats  or  mice,  and  in  blood  mixed  with 
physiologic  water  after  being  preserved  for  twenty-four  hours  on  ice  or  heated  for 
half  an  hour  at  41/^  C. 

**0n  mixing  in  equal  parts  the  defibrinated  blood  of  a  rat  or  mouse  rich  in  Trypa- 
nosoma and  the  serum  of  a  horse,  we  have  obtained  beautiful  persistent  agglom- 
erations. Tlie  Try]>avo,^o)na,  sei^arated  at  tlio  end  of  a  few  liours.  On  mixing  one 
part  of  the  serum  of  a  liorse  and  ten  parts  of  blood,  no  agglomerations  were  pro- 
duced.    The  serum  of  the  l)lood  of  a  pig  also  gave  beautiful  agglomerations. 

"The  serum  of  a  sheep  mixed  in  etpial  parts  with  the  blood  of  a  rat  or  mouse  rich 
in  Trypaiiosouia,  gave  in  one  case  a  beautiful  agglomeration;  in  another  the  agglomer- 
ations were  not  so  l)eautiful  and  less  persistent.  The  serum  of  a  deer  gave  small, 
nonpersistent  agglomerations. 

"The  serum  of  human  blood  did  not  show  itself  either  agglutinative  or 
microbicidal. 

"The  following  sera  mixed  in  equal  parts  with  the  blood  of  a  rat  or  mouse  rich  in 
Tr.  hrucei  did  not  show  any  agglutinative  properties:  The  serum  of  a  rat,  normal 
or  inuuunized  against  7>.  lewisii  and  agglutinative  for  these"  Trypanosoma;  the  serum 
of  a  normal  chicken;  the  serum  of  a  chicken  inoculated  several  times  witli  Tr.  hrucei; 
tlie  serum  of  a  normal  goose,  and  the  serum  of  a  goose  inoculated  several  times 
with  blood  rich  in  Trypanosoma  of  nagana. 

"If  there  is  added  to  a  few  drops  of  T)lood  rich  in  Tr.  hrucei^  drop  of  water  slightly 
acidulated  with  acetic  acid,  Trypanosoma  are  seen  to  agglomerate  and  change  their 
forms  rapidly.  On  adding  a  drop  of  water  slightly  alkahzed  with  soda,  no  agglom- 
eration ocx'urs. 

"  Trypanosoma  when  dead  still  tend  to  agglomerate,  but  the  }>rocess  tlien  takes 
place  very  irregularly." 

Hefferan,  commenting  on  Laveran  and  Mesnil's  statements  regarding  agglutination 
of  Tr.  levini,  doubts  the  correctness  of  their  obser\'ations,  giving  her  reasons  for  so 
doing.     (Centralb.  f.  Bakt.,  etc.,  Bd.  8,  No.  22,  May  26.  1902.) 

Curry  noted  that  parasites  in  infected  monkey's  blood  mixed  with  human  blood 
lost  their  motility  in  twenty  minutes  and  agglutinated.  Chicken's  blood  nuxid  with 
infected  monkey's  blood  gave  similar  results. 

Scliilling  states  that  in  cattle  immunized  with  the  peritoneal  exudate  of  dogs 
inoculated  with  infected  blood,  the  serum  killed  the  Trypanosoma  on  the  fourteenth 
and  fifteenth  days,  and  in  the  lianging  drop  in  from  thirteen  to  twenty-five  minutes, 
but  he  has  little  to  say  of  agglutination. 

On  reviewing  the  w^ork  done  on  the  agglutination  of  Trypanosoma  it  will  be  seen 
that  results  have  been  uncertain  and  inconstant,  the  subject  being  left  in  an  unsatis- 
factory state. 

Ilefferan's  criticisms  of  Laveran  and  Mesnil's  work  in  this  line,  and  the  statement 
of  Rabinowitch  andKempner  that  no  agglutinations  were  obtained  with  their  specific 
serum,  throw^s  doubt  on  all  of  the  results. 

So  far  our  w^ork  has  developed  nothing  convincing.  We  have  seen  the  rosettes  and 
other  described  figures  of  agglutination,  but  they  have  been  too  inconstant  and  have 
occurred  under  too  many  conditions  to  be  of  any  very  great  significance.  Circum- 
stances under  which  these  figures  have  at  one  time  appeared  have  at  other  times 
produced  no  results,  and  they  have  even  occurred  under  conditions  which  are  not 
supposed  to  favor  agglutination. 

Our  results  in  the  agglutination  of  7V.  evansi  by  various  substances  described  as 
producing  this  phenomenon  have  been  at  variance  with  much  of  the  recent  work 
done  along  this  line  and  more  in  accord  with  Rabinowitch  and  Kempner's  con- 
clusions. W^e  have  not  observed  a  single  condition  which  constantly  gave  agglutina- 
tion figures.  Such  results  were  obtained  occasionally  with  various  substances,  but 
reactions  indistinguishable  from  these  sometimes  occur  in  infected  blood  without  any 
additions. 
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A  cow  was  immunized  with  as  much  as  o,  000  c.  c.  of  infected  blood  and  failed  to 
produce  a  serum  which  would  agglutinate  Trypanosoma  with  any  degree  of  constancy. 
Similar  results  were  ol)tained  with  chicken  and  human  sera  as  well  as  with  tliose 
secured  from  numerous  other  sources.  Various  nnxtiuesof  these  sera  were  likewise 
unsatisfactory.  Several  chenueals,  sucli  as  thymol,  turpentine,  and  chloral,  would 
occasionally  give  what  appeared  to  be  agglutination,  but  no  regularity  could  be 
observed. 

After  weighing  all  evidence  in  the  case  and  applying  our  own  results,  we  nmst 
conclude  with  several  others  that  the  so-called  pjienomenon  of  agglutination  is  of  no 
value  from  a  diagnostic  point  of  view,  and  if  it  is  in  reality  an  agglutination,  it  is  too 
uncertain  in  its  occurrence  to  serve  as  an  index  of  inuuunity  or  susceptibility. 

Invohdion  fovnis. — Involution  forms  are  produced  by  surroundings  unfavorable  to 
the  life  of  tlie  parasite,  l.averan  and  Mensil  mention  among  the  conditions  which 
favor  their  j)roduction  (1)  tlie  blood  of  rat  rich  in  Trt/pano.^onia,  nnxed  with  the 
serum  of  some  otlier  animal  and  kept  for  several  hours  in  a  hanging  drop;  (2)  blood 
containing  Trypammmia  and  heated  to  41°  to  42°  C.  for  one  hour  or  more;  (3)  infected 
blood  injected  into  the  abdominal  cavity  or  the  conjunctiva  of  birds  and  withdrawn 
after  one  to  three  hours;  (4)  parasitic  blood  i)laced  in  an  ice  box  or  in  some  other 
way  subjected  to  freezing,  and  (5)  rat's  blood  containing  Trj/panosoma  and  tr(3ated 
with  arsenic,  etc. 

The  same  authors  give  tlie  following  as  the  principal  type  of  involution  forms: 
Round,  flask-shaped  ixxlies,  in  stained  specimens  usually  showing  nuclei,  centro- 
somes,  and  flagella.  If  dividing  forms  have  assumed  tins  shape,  two  nuclei,  two 
centrosonK\s,  and  two  flagella  may  l)e  seen.  These  bodies  may  form  small  agglutina- 
tions, and  it  is  probable  that  the  latter  are  what  Plinnner  and  Bradford  call  jUasmodic 
forms.  Flask-shaped  Tri/panosonia  are  not  always  dead  when  not  moving,  as  they 
may  still  })e  capable  of  conveying  the  disease  to  rats. 

Trypanosoinn  in  dying,  uruk^rgo  profound  alterations:  (1)  The  protoplasm  disap- 
pears and  takes  no  color;  (2)  the  shape  is  indicated  only  l)y  a  faint  lim^  of  contour; 
(3)  the  nucleus  stains  faintly;  (4)  the  protoplasm  and  nucleus  disappear,  leaving 
nothing  but  the  Hagellum  and  centrosome,  and  forming  a  knob  at  one  end,  and  (5) 
the  tlagellum  may  be  found  alone  or  attached  to  the  centrosome. 

Figures  68,  48  to  69,  51,  illustrate  some  of  the  involution  forms  given  l)y  various 
authors,  and  tigs.  70,  52  to  59  others  which  have  been  observed  in  our  work. 

Dhtrilmtion  in  the  body. — The  great  niajority  of  writers  r.gree  that  Trypammmia  in 
an  infected  animal  are  found  in  all  the  body  juices,  and  are  not  i)resent  at  tlie  same 
time  in  enormous  numbers  in  one  part  of  the  l)ody  with  })ut  few  in  another.  Ani- 
mals having  many  parasites  in  the  blood,  when  killed  show  them  also  in  the  organs; 
but  if  they  are  not  demonstrable  by  microscopic  examination  in  tin;  former,  they  are 
also  not  found  in  the  latter.  The  l)lood  of  animals  suffering  from  the  disease  is  always 
infectious  by  animal  inoculation,  although  there  are  [)eriods  during  its  course  w4ien 
the  parasites  can  not  be  found  for  days  by  microscojiic  examination.  Plimmer  and 
Bradford,  and  others  state  that  the  lymphatics  near  the  i>oint  of  inoculatiiHi  lirst 
show  the  j)arasite,  and  that  theanhnal's  blood  may  be  infectious  for  two  days  before 
the  parasites  are  found  therein. 

There  are,  however,  a  number  of  writers  who  do  not  accept  the  general  statement 
given  above,  but  who  believe  the  i)arasites  to  be  more  numerous  in  certain  organs, 
such  as  the  lymphatics  and  the  bone  marrow,  than  in  others.  Martini  regards  the 
spleen,  lymphatics,  bone  morrow,  and  to  a  le^s  extent,  the  liver  and  kidneys,  as  the 
places  for  the  destruction  of  TrypanoHonm. 

Elaborate  experiments  have  been  performed  to  show  whether  or  not  reproduction 
occurs  in  any  special  organ,  but  practically  without  success. 

It  has  repeatedly  been  shown  that  a  hyperplasia  of  the  lymphatics  occurs  to  a 
greater  extent  in  an  animal  inoculated  after  splenectomy  than  in  one  on  which  this 
operation  has  not  been  performed.  Here  again  we  revert  to  Voges's  statement  that 
the  whole  cycle  of  the  parasite  is  acted  out  in  the  blood;  and  it  would  seem  that  tlie 
experiments  conducted  to  determine  the  place  of  multiplication  in  the  body  tend  to 
support  this  statement.  It  is  certainly  true  that  the  Trypanosoma  are  pretty  evenly 
distributed  in  the  body  juices  and  that  similar  forms  are  found  in  all  parts. 

It  seems  to  l)e  a  very  generally  accepted  opinion  that  IryjKinosoma  inoculated  into 
the  peritoneal  cavity  undergo  a  considerable  multiplictation  before  entering  the  cir- 
culating blood,  and  by  some  this  time  has  been  considered  as  constituting  the  true 
period  of  incubation. 

Parasites  in  the  dead  body. — Trypanosoma^  live  only  a  short  time  in  the  body  after 
death.  Within  two  hours  signs  of  degeneration  begin;  the  parasites  shrink,  assume 
irregular  shapes,  and  then  disaj)pear.  Motile  parasites  are  not  found  two  hours  post- 
mortem. Ample  work  fully  demonstrating  this  important  point  has  been  done.  In 
exceptional  cases  living  parasites  have  been  found  as  late  as  sixteen  hours  after 
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death;  but  this  condition  is  rare.  Our  work  in  this  line  has  consisted  in  determin- 
ing the  longest  time  post-mortem  during  which  the  blood  could  be  proved  infectious 
by  inoculation  into  susceptible  animals.  Results  are  conclusive  tnat  this  is  rarely 
greater  than  tw^^nty-four  hours.  However,  in  one  instance  blood  has  been  found  to 
convey  the  disease  forty-eight  hours  after  death. 

When  an  animal  in  the  blood  of  which  Trypanosoma  are  present  dies,  the  para- 
sites are  then  found  in  all  the  organs;  and  conversely,  where  none  appear  in  the 
former,  they  are  also  absent  in  the  latter.  They  are  generally  distributed,  and  mul- 
tiplication forms  do  not  appear  in  exceptional  numbers  in  any  one  organ;  however, 
they  are  usually  somewhat  more  numerous  in  the  spleen,  liver,  and  lymphatic  glands 
than  in  the  bone  marrow,  and  are  seldom  present  in  the  medullary  canal.  They  are 
found  in  the  serous  fluids  and  exudates  of  the  joints,  but  rarely  in  the  urine. 

Schilling's  resultswere  somewhat  exceptional.  He  says  that  ^^Trypanosomayvere  not 
found  in  the  spleen  when  positive  in  the  blood,  and  the  peritoneal  exudate  and  bone 
marrow  showed  parasites  of  a  budding  form;  '^  and  again  ''that  Trypanosoma  might 
be  absent  from  the  fluids  and  tissues,  but  were  constantly  present  in  the  bone  mar- 
row.*' **The  number  of  parasites  in  the  spleen  varied  greatly,  but  there  was  never 
a  great  accumulation  or  multiplication  of  forms."  He  draws  the  conclusion  that 
multiplication  of  parasites  occurs  in  certain  organs  while  others  destroy  the^n. 

Trypanosoma  outside  of  the  body. — Although  Trypanosoma  in  a  natural  condition  are 
not  known  outside  the  body  and  propagate  only  to  a  minimal  degree  in  any  known 
artificial  media,  yet  under  favorable  conditions  they  can  be  kept  for  a  considerable 
time  outside  the  body,  a  fact  which  has  been  believed  to  afford  certain  c)||Mostie 
points  for  different  species.  Berg  kept  Trypanosoma  of  fish  for  six  days  in  bKiQcfcmfc 
12°  C,  and  Mitrophanow  from  three  to  four  days  in  salt  solution.  Laveran  aiid 
Mesnil  showed  that  during  warm  weather  living  forms  of  2V.  lewisii  were  found  in 
blood  which  had  been  maintained  at  jroom  temperature  for  four  days.  Once,  during 
cold  weather,  motile  parasites  added  to  chicken's  or  pigeon's  blood  in  a  hanging 
drop  were  observed  after  eighteen  days.  Kept  on  ice  and  in  blood  mixed  with 
physiologic  water,  they  were  observed  during  thirty  to  fifty -two  days,  the  blood  at 
the  end  of  this  time  being  virulent.  They  withstood  41°  C.  vet|R  well,  but  when 
heated  to  50°  0.  for  five  minutes  were  all  killed. 

Voges  states  that  outside  the  body  Trypanosoma  of  mal  de  cadera^  disintegrated 
rapidly,  blood  usually  being  noninfectious  after  from  three  to  four  days.  However, 
he  noted  one  exception  where  infection  occurred  with  blood  which  had  been  kept 
aseptically  for  fourteen  days.  Several  writers  have  tried  to  attenuate  Trypanosoma 
with  formalin,  heat,  and  several  other  means,  but  entirely  without  success.  The 
parasites  were  either  all  killed  so  that  no  infection  resulted,  or  they  were  as  virulent 
as  in  control  blood.  Tr.  equiperdum  {Elmassiani)  continued  motile  for  forty-eight 
hours  at  a  temperature  of  36°  C. 

Laveran  and  Mesnil  state  that  when  human  serum  and  blood  containing  Trypano- 
soma were  mixed  in  equal  parts  in  a  hanging  drop,  the  Trypanosoma  showed  feeble 
action  in  one-half  to  one  hour,  and  generally  were  not  motile  at  the  end  of  two  to 
three  hours.  Kanthack,  Durham,  and  Blandford  determined  Tr.  evansii  to  be 
destroyed  by  complete  drying;  they  also  demonstrated  four  days  as  the  greatest 
length  of  time  during  which  they  could  live  in  aseptically  drawn  blood.  Laveran 
and  Mesnil,  Voges,  and  others  have  shown  that  the  blood  of  an  animal  infected 
with  Trypanosoma  was  not  capable  of  transmitting  the  disease  after  twenty-four 
hours. 

Martini  states  that  the  warm  stage  does  not  increase  the  life  of  Trypanosoma  in 
vitro.  He  noted  a  bunching  of  parasites  in  dead  bodies,  and  considered  this  a  form 
which  they  assumed  on  dying. 

Laveran  and  Mesnil  state  that  the  serum  of  immune  deer,  mixed  in  the  hanging 
drop  with  infected  blood,  showed  no  parasiticidal  action;  and  this  was  found  to  be 
true  with  most  other  sera.  Infectious  nagana  blood  exposed  to  a  temperature  of 
41°  C.  for  one  hour  showed  deformed  and  nonmotiie  parasites,  but  was  still  capable 
of  transmitting  the  disease.  Exposure  to  a  temperature  of  41°  C.  and  44°  C.  for  a  short 
time  killed  the  Trypanosoma  and  the  blood  was  no  longer  infectious. 

Many  chemical  substances  quickly  destroy  the  parasites  outside  the  body.  Laveran 
and  Mesnil  report  that  they  were  rapidly  killed  by  the  newer  silver  salts,  and  that 
a  1  per  cent  solution  of  Toluidin  blue  attenuated  them  somewhat,  as  was  shown  by 
the  prolonged  incubation  period.  Sivori  and  Lecler  consider  the  life  of  the  parasite 
in  vitro  to  oe  variable,  depending  upon  the  conditions  produced,  but  never  reaching 
four  days.  Schilling  noted  that  Trypanosoma  were  soon  destroyed  by  a  60  per  cent 
solution  of  bile. 

Bruce  showed  that  dried  blood  was  infectious  after  twenty-four  hours  in  one  out  of 
three  experiments,  )vith  an  incubation  period  of  sixteen  days.    -In  two  cases  it  was 
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not  infectious  at  the  end  of  forty-eight  hours.    Aseptically  drawn  virulent  blood  was 
infectious  for  four  days  and  after  seven  did  not  produce  the  disease. 

Laveran  and  Mesnil  state  that  the  movements  of  Trypanosoma  are  retarded  l)y 
cooHng  and  accelerated  bv  warming  the  blood  in  which  they  are  contained.  They 
were  not  immediately  killed  by  a  temperature  of  50*"  C.  to  55°  0.  below  zero.  Their 
experiments  were  as  follows: 

Experiment  /.—Rat  blood  with  many  Tr.  hmcei  diluted  with  potassium  citrate  solu- 
tion and  kept  at  IS''  0.  for  one-half  hour.  One  and  one-half  hours  after  returning  to 
room  temperature  it  still  showed  many  normal-looking  motile  Trypanosoma.  Mice 
injected  in  the  conjunctiva  with  this  blood  died  in  the  usual  time  with  trypanoso- 
miasis. ^^  ^^        , 

Experimmt  J/.— Similar  dilutions  of  blood  exposed  twenty  mmutes  to  15°  C.  and 
eight  minutes  to  25°  to  30°  G.  After  two  hours  warmed  blood  showed  normal-looking 
motile  Trypanosoma  and  was  infectious  in  the  usual  time  for  mice. 

Experiment  /iJ.— Similar  solution  of  blood  exposed  for  one-half  hour  at  15°  C.  and 
five  minutes  at  50°  to  55°  C.  After  two  hours  the  thawed  aud  warmed  blood  con- 
tained normal-looking  and  motile  Trypanosoma  and  was  infectious  for  mice  in  tlie 
usual  time. 

Experiment  1 F.— Same  as  No.  3,  except  that  the  freezing  and  thawing  was  repeated. 
It  was  still  pathogenic  for  mice,  but  was  slightly  slower  in  its  action. 

These  authors  demonstrated  that  blood  infected  with  Tr.  brucei  heated  three  hours 
at  40°  0.  or  one  hour  at  42°  C.  was  still  virulent.  P>lood  infected  with  Tr.  hrncei 
heated  twenty  minutes  at  40°  C.  to  44°  C.  killed  nearly  all  the  IVypanosoma,  and  wlien 
heated  to  44°  C.  to  45°  C.  all  the  parasites  were  quickly  destroyed. 

Blood  taken  aseptically  and  mixed  with  citrate  solution  at  room  temperature, 
according  to  Laveran  and  Mesnil,  was  virulent  for  three  days,  and  Trypanosonui  lived 
longer  in  a  mixture  of  blood  and  serum  than  in  blood  alone.  In  the  delibrinated 
blood  of  a  rat  mixed  with  the  serum  of  the  host  motile  Tnjpanosoma  were  still 
observed  after  three  days. 

Human  serum  and  that  of  refractory  animals  was  not  considered  less  adapted  to 
the  preservation  of  Trypanosoma  than  that  of  more  susceptible  animals.  Tr.  lewisii 
lived  longer  on  ice  than  at  room  temperature,  but  this  was  not  true  of  Tr.  brucei. 
Blood  containing  Tr.  brucei,  after  being  kept  on  ice  for  three  to  live  days,  was  often 
noninfectious,  though  it  still  contained  slightly  motile  Trypanosoma.^  Involution 
forms  quickly  appeared  in  blood  kept  on  ice,  their  morphology  differing  in  no  respect 
from  that  of  the  involution  forms  produced  by  other  causes. 

We  have  experimented  extensively  with  the  object  of  determining  the  length  of 
life  in  vitro  of  the  Trypanosoma  with  which  we  have  been  able  to  work,  and  on  the 
whole  have  obtained  results  similar  to  those  arrived  at  by  most  recent  writers  on 
other  Trypanosoma. 

Our  experiments  made  to  determine  the  action  of  heat  and  cold  on  parasites  con- 
firm, in  the  main,  the  conclusions  drawn  by  Laveran  and  Mesnil,  including  the  dif- 
ferentiation of  Tr.  lewim  by  its  ability  to  live  longer  than  IV.  evansii  in  the  ice  box. 
We  failed  to  find  any  constancy  in  the  agglutinations  these  authors  describe.  They 
did  occasionally  occur,  following  exposure  to  conditions  especially  adverse  to  life; 
but  they  were  not  constant  and  also  took  place  in  the  hanging  drop.  We  can  not 
attach  to  this  phenomenon  the  importance  given  it  by  some  authors. 

Several  specific  sera  mixed  in  the  hanging  drop  in  equal  parts  with  blood  rich  in 
Trypanosoma  gave  no  appreciable  results,  with  the  possible  exception  of  the  mix- 
tures containing  antiplague  and  antirinderpest  sera.  The  Trypanosoma  were  usually 
nonmotile  in  the  plague  serum  at  the  end  of  forty  minutes,  and  in  the  rinderpest 
serum  sometimes  as  early  as  thirty  minutes.  In  two  out  of  five  experiments  made 
with  the  latter  the  blood  was  noninfectious  for  rats  at  the  end  of  one  hour.  In 
most  of  the  experiments  made  with  serum  the  parasites  lived  as  long  as  in  the  con- 
trol drop,  and  in  some  instances  much  longer. 

A  1-500  solution  of  quinine  mixed  in  equal  parts  with  blood  containing  Trypano- 
soma arrested  the  motility  of  the  parasites  in  from  five  to  ten  minutes.  With  a 
1-1,000  solution  of  methylene  blue  the  Trypanosoma  lost  their  motility  from  five  to 
twenty  minutes  earlier  than  in  the  control.  They  are  less  affected  by  solutions  of 
alcohol,  glycerin,  or  ether.  .   .  .    .    ^   , 

No  perceptible  action  was  produced  on  the  Trypanosoma  by  mixing  the  infected 
blood  with  equal  parts  of  the  following  substances:  A  1-1,000  solution  of  acetozone; 
1-1,000  solutions  of  the  soluble  eosins,  alcohol,  potassium  acetate,  potassium  chlorate, 
potassium  cyanide,  salt  solution,  picric  acid,  oxalic  acid,  and  the  chlorides  of  mag- 
nesium, calcium,  and  barium.  Indeed,  in  many  of  these  solutions  the  parasites 
remained  active  longer  than  in  control. 
The  Trypanosoma  were  quickly  destroyed  by  mixing  infected  blood  in  the  hanging 
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drop  with  equal  parts  of  the  following  siib8tanceH:  A  1-1,000  solution  of  arsenious 
acid,  a  1-1,000  solution  of  tur[)entine,  a  1-1,000  solution  of  corrosive  sublimate,  a 
1-500  solution  of  chloral  hydrate,  a  1-500  solution  of  carbolic  acid,  a  1-500  solution 
of  formalin,  a  1-1,000  solution  of  potassium  permanganate,  and  a  1-200  solution  of 
quinine. 

(LA  SSI  FIC  ATIOK . 

Authors  differ  considerably  in  th^  classification  of  this  family  of  the  Protozoa. 
Doflein,  1901,  divides  the  genus  Tr.  Gruhy  into  three  subgenera,  as  follows: 

1.  Major  flagellum  present 2 

Major  flagellum  absent,  or  very  short  and  thick Trypanowma. 

2.  Undulating  membrane  continued  posteriorly  in  a  flagellum  so  that  2  flagella  are 

present - Ih/panomonas. 

Posterior  flagellum  absent,   undulating  mend>rane  ending  on  or  before  end  of 
body Herpetosoma. 

Leveran  and  Mesnil,  1901,  have  shown  Doflein's  Tnjpanomonas  to  be  a  distinct  genus 
and  have  given  it  the  name  Trypanoplasma,  with  Tryptmoplasnia  horrelU  as  a  tyx>e 
species. 

Salmon  and  Stiles  criticise  Doflein's  classification  and  divide  the  family  Trypnno- 
somidx  into  two  genera — Trypanowma  and  Trypdnoplasma.  With  a  few  minor 
changes,  this  classiflcation  is  adopted  tentatively  in  this  report.  However,  as  will 
be  seen  by  following  the  discussions,  we  are  strongly  of  the  opinion  that  at  least 
two  of  the  parasites  of  mammals,  and  i)robably  others,  are  identical  with  Tr.  evansii, 
and  in  reality  the  names  of  these  should  fall  as  synonyms  of  Tr.  evanm. 

Protozoa,  class  Mastigophora,  subclass  Flagellata^  order  Monadida,  family  Try- 
panosomida3,  genus  Trypanosoma  Gruby. 

Trypanosoma:  One  flagellum  present  extending  from  the  centrosome  along  the 
undulating    membrane    and    becoming  free   at    the    anterior 
extremity. 
Trypanoplasma:  Two  flagella,  one  extending  anteriorly  and  the  other  posteriorly. 
Trypanosoma  Totatorimn  Mayer,  1843;  L.  &  M.,  1901. 
Synonyms:  Amoeba  rotatoria  Mayer,  1848,  July;  Paramoecium  loricatum  Mayer,  1843, 
July;  Paramoecium  costatuni  Mayer,  1843,  July;  Trypanosoma  sanguinis  Gruhy ,  1843, 
November;  Globularia  radiata  sanguinis  Wedl,  1850;  Undtdina  ranarum.  Lankester, 
1871; //erpei^omowas  Kent,  1880;  Paramecioides  costatum  Grassi,  1881;  Paramccioides 
costaitis  Grassi,  1883;  ''  Trypanosoma  sanguinis  Gruhy ''  of  Lanessan,  1882;  ''Gloubu- 
laria  radiata  Wedl,  1849"   of  B.   Blanchard,   1885;  Haemetomonas  Mitraphanow, 
1883;    Trypanomonas  ranarum  Danilewsky,  1885;    ^^ Spirochsete  of  Steele,"    18^5; 
^^  Hemotomfmas'^   of   Blanchard,   1888;   ^^Trichomonas  sanguinis^  ^  of  Crookshank, 
1886;   Trypanosoma  remirum  (misprint  for  ranarum)  1889;  Trypanosoma  costatnm 
Danilewsky,  1889;  Trypanosoma  costatum  ranarum  Danilewsky,  1889;  Trichomonas 
rananxr/i.  (Lankester)  Danilewsky,  1889;  jrn€/iomonas6a^rac/i07'wm Danilewsky,  1889; 
'*  Trypanosomes    Gruby"   of    Laveran,    1895;    ^ '' TrypanosoniunV    Chauvrat,  1896; 
^^  Trypanosome  Gruby"  of  Buffard  and  Schneider,  1900;  ^'Paramoecium  loricatum 
Mayer"  and  ^^ Paramoecioides  costatus  Grassi"  of  Laveran  and  Mesnil,  1901. 
Trypanosoma  avium  Danilewsky,  1885,  of  birds. 
Synonyms:  Trypanosoma  aMum  Danilewsky,  1885;  Trypanosoma  frisiforme  Danilewsky , 
1889;  Trypanosoyna  minus  DsmWewskyy  1889;  Trypanosoma  ma.jus  Danilewsky ,  1889; 
Trypanosoma  sanguinis  avium  Danilewsky,  1889;  Trypanosoma  costatum  Danilewsky, 
1889;  Trypanosoma  major  Danilewsky,  1889. 
f  TVypanosoma  eberthii  Kent,  1880,  of  fowls  (intestine). 
Synonyms:  Trypanosoma  eberthi  Kent,  1880;  *'  Trypanosoma  eberthi^'  of  Lanessan,  1882; 
fCercomonasgalUnarum  Davaine,  1877;  fCercomonas  gallinaeRi\oliei,  1880;  Trypano- 
soma eberthi  of  Lecerlq,  1890;  Trychomonas  columbarum  Kruse,  1896. 
Trypanosoma  cobitis  Mitraphanow,  1883,  of  mudfish. 
Synonyms:  jff/ematomonasco6t^is Mitraphanow,  1883;  Trichomona.^ cobitis {MAira\)h2iTiQw) 
'  Crookshank,  1886;  Trypanosoma  piscium  Danilewsky,  1885;  Trypanosoma.  {Herpeto- 
soma) cobitis  (Mitraphanow)  of  Doflein,  1901;  Hsematomonas  cobitidis  Lnehe.y  1902. 
Trypanosoma  carassii  Mitraphanow,  1883,  of  fish. 
Synonyms:  Hxmaimnonas  carassii  Mitraphanow,  1883;  Trichomonas  carassii  (Mitrapha- 
now) Crookshank,  1886;  Trypanosoma  piscium  Danilewsky,  1889;  Trypanosoma  fusi- 
forme  Danilewsky,  1889;  Trypanosoma  (Herpetosoma)  carassii  (Mitraphanow)  1883, 
Doflein,  1901, 

Trypanosoma  soleae  Laveran  and  Mesnil,  1901,  of  soles. 
Trypanosoma  balbianii  Certes,  1882,  of  oysters. 
Synonyms:  Trypanosoma  balbianiCertes,  1882;  Trypanosoma  balbianii  (Certes)  Balbiani, 
1888;  ^^Trypanosoma  balbianii^ ^  of  Danilewsky,  1889. 
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Trypanoplasma  danilewskyi  Labbe,  1891. 
Synonyms:  IVypanomonas  danilevskyiLBbhe,  1891;  Trypanosoma  (Try2)anormmas)  danil- 
evskyi  (Labbe)  Doflein,  1901. 

Trypanoplasma  borrelii  Laveran  and  Mesnil,  1901. 
T}'yp<^nosoma  leuisii  Kent,  1880,  of  rats. 
Synom/ms:  Ilerpetomonas  kwm  Kent,  1880;  ''Ilerpemonas  lei  mi  Kent,"  1880;  Tricho- 
\nonas  lewin    (Kent)    Crooksbank,   1886;    Ilerpetomonas  lewisii  Danilewsky,  1889; 
Trypanomonas  murium  Danilewsky,  1889;  Trypanomonas  lenmi  (Kent)  Labbe,  1891; 
Trypanosoma  leidsi  Kent;  Trypanosoma  Kantiiack,  Durham  and  Blandfoid,  1898; 
Trifpanosoma  rattorum  Boerner,  1901;    Trypanomma  {Ilerpetosoma)  leivwl   (Kent) 
Doflein,  1901. 

Trypanosoma  evami;  Steel,  1885,  of  surra. 
Synonyms:  (Genu8  not  named)  ferox  Evans,  1881  (not  entitled  to  priority)  ;AS/>?>ocAea^tJ 
evansi  Steel  (not  accessible);  '' Spirochseta  evansi  Steel,"  1885,  of  Crooksbank,  188(); 
Hmnatomonas  evam,si  (Steel)  Crooksbank,  1886;  Trichomonas  evansi  (Steel)  Crook- 
shank,  1886;  '' Homoto7nonas  evansis,''  Blanchard,  1888;  '' Trichomonas  sang  win  is 
Crooksbank"  of  Balbiani,  1888;  ''Spirochetx  evandV  of  Nariman  and  Vaz,  1893; 
'' Spirochete  evamii^iQ^V  of  Laveran,  1895;  '' Trypanosommn  evansi  (Steel)  Chan- 
vrat,"  1896;  Trypanosoma  evansi  (Steel)  Pease,  1897;  Trypanosoma  evansii  Pease, 
1S97 ;  Ilerpetomonas  leitisii  Steel,  of  Danilewsky,  1889;  Trypanosoma  (IIerpetoso7na) 
evansi  (Steel)  Doflein,  1901;  "  Trichomonas  sanguinis  emnsi  Crooksbank"  of  Doflein, 
1901. 

Trypanosoma  brucei  Plimraer  and  Bradford,  1899,  of  tsetse  disease. 
Synonyms:  Trypanosoma  hrucii  Plinuner  and  Bradford,  1899;  ''Trypanosoma  bruceV 
of  Schneider  and  Buffard,  1900;   Trypanosoma  {Ilerpetosoma)  brucei  Plimmer  and 
Bradford,  of  Doflein,  1901;  Herpetomonas  brucei  (Plimmer  and  Bradford)  Laveran 
and  Mesnil,  1901. 

Trypanosoma  nepbeui,  of  man. 
Synonyms:  Trypanosoma  gambiense  Dutton,  1902;  Trypanosoma  fordii  Maxw-ell,  Adams, 
1903. 

Trypanosoma  rougetii  Laveran  and  Mesnil,  of  dourine. 
Synonyms:  Trypanosoma  equiperdum  Doflein,  1901 ,  July  1 ; ' '  Tryanosoma ' '  {Ilerpetosoma ) 
equiperdum  Doflein,  1901;    Trypanosoma    {Ilxmatomonas)    equiperdum    Doflein   of 
Luehe,  1902. 

Trypanosoma  equinum  Voges,  1901,  of  mal  de  caderas. 
Synonyms:  Trypanosoma  equinum YogeSy  1901;  Trypanosoma  equirmmY oges  of  Railliet, 
1901 ;  Trypanosoma  elmass^iani,  1902. 

Trypanosoma  therrellii  Laveran  and  Mesnil,  1901,  of  cattle. 
Trypanosoma  transvaaliense  Thuiler,  Laveran  and  Mesnil,  1902,  of  cattle. 

Trypanosoma  rotatorinm  Mayer,  1843. 

The  length  of  this  parasite,  including  the  flagellum  (which  is  10  to  12  microns 
long),  is  usually  given  as  being  about  40  to  80  microns,  while  the  breadth  is  5  to  10 
microns.  Doflein  says  it  has  a  broader  body  and  undulating  membrane  than  most 
of  the  other  Trypanosoma.  It  has  a  granular  protoplasm  and  a  large,  clear  nucleus. 
One  end  is  somewhat  blunt  and  the  other  is  provided  with  a  short  flagellum. 

Salmon  and  Stiles,  in  their  specific  diagnosis  of  this  parasite,  after  giving  the 
dimensions,  state  that  ''the  body  is  compressed,  semilunate,  twisted;  the  convex 
border  membranous  and  undulating;  the  posterior  extremity  of  the  body  portion 
pointed  and  curved  inward,  the  opposite  one  produced  into  a  long  tag  or  tail-like 
appendage,  which  almost  equals  in  length  the  remainder  of  the  body;  surface  of  the 
body  coarsely  striate  longitudinally;  endoplasm  or  parenchyma  slightly  granular; 
endoplast  ovate,  central." 

Habitat. — Blood  of  frogs  {liana  esculenta,  Rana  temporaria,  and  Eana  arbor ea). 

According  to  Doflein,  the  mode  of  transmission  is  not  fully  determined,  and  this 
statement  is  confirmed  by  Laveran  and  Mesnil.  There  may  be  more  than  one  spe- 
cies of  this  parasite,  but'  so  much  of  the  work  regarding  it  is  unsatisfactory  that  for 
the  present  it  seems  advisable  to  consider  it  a  single  species.  It  apparently  has  no 
special  pathologic  significance,  and  for  that  reason  is  of  but  little  importance  in  this 
paper. 

We  have  examined  the  blood  of  a  large  number  of  several  varieties  of  frogs  here, 
but  have  failed  to  find  this  or  any  other  Trypanosoma. 

Trypanosoma  avium  Danilewsky,  18S5. 

Salmon  and  Stiles  give  as  its  specific  diagnosis:  **  Trypanosoma  18  to  60  microns 
long;  body  cylindrical,  compact,  fusiform,  and  homogeneous;  anterior  extremity 
gradually  attenuate,  and  contmuing  directly  into  a  long  or  short  flagellum;  flagellum 
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intimately  united  with  the  undulating  membrane,  which  extends  from  the  flagellum 
to  the  posterior  extremity;  nucleus  spherical  in  equator  or  anterior  half  of  body." 

There  have  been  found  in  literature  several  references  reporting  Trypanosoma  in 
birds,  l)ut  most  of  the  descriptions  are  inadequate.  We  have  examined  a  large  num- 
ber ot  birds  of  several  varieties  in  the  Philippine  Islands,  but  we  have  failed  to  find 
Trypanosoma  in  their  blood,  and  have  been  entirely  unable  to  infect  them  with  the 
Trypanosoma  with  which  we  have  worked. 

f, Trypanosoma  eberthii  Kenty  1880. 

Salmon  and  Stiles  and  others  doubt  the  correctness  of  the  classification  of  this 
species;  Doflein  believes  that  two  or  three  species  have  been  confused  in  its  descrip- 
tion. *^ 

It  is  described  by  Doflein  as  half-moon  in  shape,  the  concave  side  being  the 
?i  ?^i*i^^  parasite,  and  the  convex  the  undulating  membrane,  which  has  numerous 
small  folds.  The  protoplasm  is  homogeneous  and  contains  a  nucleus.  One  end  of  the 
body  IS  blunt,  and  the  other  is  tapering  and  continues  into  a  short,  motionless  pro- 
jection. Kent  says  that  the  membranous  bordar  is  often  spirally  convoluted  around 
the  thicker  central  portion,  the  entire  body  under  such  conditions  assuming  a  auger- 
iiKe  aspect. 

ITa^/ito^.— Glands  of  Lieberkiihn,  cecum  and  ileum  of  chickens,  doves  (?) ,  ducks, 
and  geese.  Rivolta  and  Pfeiffer,  according  to  Doflein,  found  this  organism,  or  a 
similar  one,  in  poultry  diphtheria. 

In  the  few  chickens,  pigeons,  and  small  birds  which  we  have  examined  in  Manila, 
these  parasites  have  not  been  found.  It  seems  more  than  likely  that  some  of  the 
Tnchimomdx  have  been  mistaken  for  Trypanosoma,  as  it  is  doubtful  that  so  strict  a 
blood  parasite  would  be  found  in  the  intestinal  canal  of  birds. 

Trypanosoma  halbianii  Certes,  1889. 

Doflein  gives  the  length  of  this  parasite  as  50  to  180  microns  and  the  breadth  as  1 
to  3  microns.  Salmon  and  Stiles  give  the  length  as  50  to  18  microns  and  the  breadth 
as  1  to  30.  It  is  described  by  Doflein  as  an  elongated  parasite  with  slender  body  and 
slender  undulating  membrane.  Certes,  Lustrac,  and  others  have  observed  longitudi- 
nal division,  which  Lustrac  says  begins  in  the  undulating  membrane.  Laveran  and 
Mesml  do  not  consider  this  parasite  a  member  of  the  family  TrypanosomidcT. 

Habitat.—lntestines  oi  oysters  (Ostra  eduUs,  Ostra  angulata,  Grypha  angulata)  and 
mussels  (Tapes decussata,  Tapes pallustra) . 

Pathogenesis. — Not  known. 

Neither  this  nor  any  other  Trypanosoma  has  been  observed  by  us  in  the  examina- 
tion of  a  large  number  of  oysters  of  the  Philippine  Islands. 

Trypanosoma  cobitis  Mitrophanow^  1883. 

A  very  actiye  and  motile  Trypanosoma,  30  to  40  microns  long  by  1  to  1.5  microns 
broad.  Doflein  says  that  one  end  tapers  abruptly  and  the  other  gradually,  ending  in 
a  flagellum  10  to  15  microns  in  length.  The  undulating  membrane  is  distinct  in  pre- 
pared specimens.  The  protoplasm  is  homogeneous,  except,  according  to  Doflein,  in 
multiplication  and  degenerating  forms,  where  it  may  be  granular. 

Habitat— B\oo&  ol  mudfish  [Cobitis  fossilis) . 

Pathogenesis.— Described  experiments  have  failed  to  convey  the  infection  from  fish 
to  fish,  or  from  fish  to  animals,  by  inoculation. 

Trypanosoma  carassii  Mitrophanow,  1883. 

Doflein  says  that  it  is  very  similar  to  Tr.  cobitis,  but  more  flattened;  that  the  undu- 
lating membrane  is  better  developed  and  the  body  more  uniformly  pointed  at  both 
ends  and  larger  than  that  of  Tr.  cobitis. 

Habitat.— Blood  ot  fish  (Carassius  vulgaris).  Dofiein  observed  it  or  very  similar 
parasito  in  tho  tench  ( Tinea  vulgaris). 

Pathogenesis.— Not  known.  The  Trypanosoma  which  Doflein  observed  were  found 
in  sick  fish. 

The  fish  of  the  Philippine  Islands  are  apparently  free  from  this  Trypanosoma. 

Trypanosoma  remakii  Laveran  and  Mesml,  1901. 

Trypanosoma  28  to  30  microns  in  length  and  very  slender.  Two  sizes  and  possibly 
two  varieties.  Very  closely  resembles  Tr.lewisii,  actively  motile,  with  undulating 
membrane,  both  ends  tapering  with  a  long  flagellum  at  the  anterior  end,  protoplasm 
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finely  granular.  The  larger  forms  measure  45  microns  in  length  and  2  to  2.5  mierone 
in  breadth,  and  sUiin  somewhat  better  than  the  small  variety. 

Habitat. — Blood  of  pike  (EniKV  hicnis). 

Pathogenems. — Not  infectious  l)v  inoculation. 

We  have  not  succeeded  in  finding  Trypanosoma  in  the  blood  of  fish  in  the  Philip- 
pine Islands,  although  several  varieties  of  both  salt  and  fresh  water  fish  have  l)een 
examined. 

IVypanosoma  solar.  Laveran  and  Mesnily  1901, 

A  Trypanosoma  resembling  Tr.  Imvmi  40  microns  in  length,  very  actively  motile, 
structure  in  general  like  that  of  the  other  members  of  the  family,  posterior  end  not 
so  sharp,  nucleus  oval,  centrosome  present  and  undulating  mend)rane  well  developed. 

Habitat. — Blood  of  sole  {Solea  vulgaris)  of  France. 

Pathogenesis. — Laveran  and  Mesnil  did  not  succeed  in  infecting  other  animals  witli 
this  Trypanosoma. 

Trypaiioplasma  borrelii  JMveran  and  Mesnil,  1901. 

Laveran  and  Mesnil  describe  this  parasite  as  a  Trypanoplasma^  with  two  flagella 
both  extending  from  the  centrosome  and  one  going  to  each  extremity,  tlie  anterior 
one  bordering  a  well-defined  undulating  membrane  and  extending  into  a  free  flagel- 
lum  15  inicrons  in  length.  The  total  length  of  the  parasite  with  flagella  is  about 
50  microns  and  the  breadth  3  to  4  microns.  One  end  is  more  pointed  than  tlie  other 
and  very  motile.  This  parasite  changes  its  form,  sometimes  resembling  an  ameba. 
Two  chromatin  masses  lie  close  together  near  the  junction  of  the  posterior  and  ante- 
rior parts  of  the  body,  one  of  these  masses  resembling  a  nucleus  and  the  other  a 
centrosome. 

It  is  to  be  noted  here  that  Labbe  (1891)  had  already  seen  a  Trypayioplasma  with  two 
flagella  in  the  blood  of  leeches,  and  that  Kiinstler  (1898)  had  mentioned  a  similar 
organism  found  in  the  blood  of  a  guinea  pig.  Figure  81-89  is  Labl)6's  illustration  of 
the  parasite  observed  }>y  him  in  leeches  in  1891. 

Habitat. — Found  by  Laveran  and  Mensil  in  the  blood  of  the  n^leye  {Leticiscus  ery- 
thropthalmus)  of  France. 

Pathogenesis. — Not  infectious  by  inoculation. 

Trypanosoma  lenmii  Kent,  1880. 

Gros  in  1845,  Chaussat  in  1850,  and  later  other  authors  found  remarkable  parasites, 
which  for  a  long  time  were  the  cause  of  controversy,  in  the  blood  of  rats  and  ham- 
sters. While  some  considered  them  as  amebse,  flagellates,  etc.,  there  were  others 
who  did  not  recognize  them  as  independent  organisms,  but  as  spermatazoa,  or  as 
Siebold  even  considered  them  small  patches  that  somehow  had  been  torn  loose  from 
the  walls  of  the  circulatory  and  lymphatic  systems. 

After  a  long  pause  interest  in  this  organism  was  again  aroused,  and  a  large  number 
of  articles  dealt  with  the  subject,  without  mentioning  or  recognizing  the  earlier 
works.  Lewis  (1879  and  1880),  Wittich  (1881),  Robert  Koch  (1881),  Crookshank 
(1887),  published  several  treatises  on  Tr.  lenjisii,  to  which  Kent  in  1882  gave  its  name; 
but  he  placed  it  in  the  genus  JlerpetomonaSj  which  according  to  diagnosis  accepted  at 
present  possesses  no  undulating  membrane.  With  lese  exactness,  Labbe,  Danilewsky, 
and  Mitrophanow  also  dealt  with  the  species,  while  all  investigators  of  surra  like- 
wise refer  to  it.  Interest  was  awakened  through  the  investigations  of  surra  and 
tsetse-fly  disease,  and  has  recently  been  increased  by  the  observations  of  Koch, 
Rouget,  and  others,  but  especially  by  the  important  works  of  Rabinowitch  and 
Kempner,  Wasielewski  and  Senn,  and  Laveran  and  Mesnil  which  explain  the 
methods  of  multiplication  and  widen  our  knowledge  considerably. 

Rabinowitch  and  Kempner,  as  well  as  Wasielewski  and  Senn,  have  studied  mul- 
tiplication forms  with  a  considerable  degree  of  thoroughness.  Their  investigations 
agree  on  essential  points.  According  to  them  there  are  three  kinds  of  multiplication; 
two  forms  of  division  and  one  form  of  multiplication  through  segmentation,  a  divis- 
ion into  numerous  rosette-shaped  sprouts  lying  side  by  side. 

Whether  conjugation  takes  place  is  yet  unknown,  but  to  Doflein  it  appeared  that 
such  a  process  precedes  the  multiplication  by  division  into  sprouts.  Some  pictures 
of  Rabinowitch  and  Kempner  point  to  such  a  course.  This,  however,  is  still  very 
problematical,  especially  since  the  life  history  of  Trypanosoma  is  not  fully  understood. 

Senn,  for  example,  considers  the  ordinary  division  as  budding,  since,  according  to 
his  statement,  the  mother  parasite  is  always  larger  than  the  daughters  produced  by 
her.    The  individuals  are  seen  rapidly  to  increase,  especially  after  a  new  infection. 
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impetuously  dividing  themselves.  The  divisions  are  often  multiple,  and  the  mother 
is  seen  to  separate  into  two,  three,  four,  and  even  eighteen  daughters.  Senn  con- 
siders the  rosette  formation  to  he  the  result  of  a  division  into  several  individuals, 
and  not  as  a  special  form  of  multiplication;  but  since  the  complete  life  cycle  of  the 
species  has  not  been  jpositively  determined,  this  is  also  a  mere  theory. 

In  any  case  separation  into  two  parts  is  the  typical  form  of  longitudinal  division, 
and  the  apparent  deviations  in  prepared  specimens  are  explained  by  the  delicacy  of 
the  protoplasm,  which  on  being  killed  assumes  the  most  varied  forms.  As  yet  rest- 
ing forms  have  not  been  observed. 

Habitat , — ^This  species  lives  in  the  blood  of  rats  {Mkis  rattuSy  Mus  decumanus^  Mus 
refuscens)  and  in  that  of  the  hamster  ( Oncetus  arvalia) »  Thus  far  it  has  been  observed 
in  Europe  (Germany,'  England,  France,  Italy,  ana  Russia),  in  Asia  (India,  Japan, 
and  the  Philippines),  and  in  Africa  (Dutch  East  Africa  and  Algiers). 

Pathogenem, — ^The  parasite  is  found  in  the  blood  of  animals  attacked  by  the  disease. 
In'  the  case  of  rats  it  sometimes  produces  sickness  and  death,  but  it  is  generally  found 
in  apparently  healthy  animals.  Wild  rats  are  often  found  infected  with  it,  but  in 
tame  ones,  especially  in  the  white  variety,  its  occurrence  is  rare,  although  these  as 
well  as  white  mice  are  susceptible  to  the  disease.  In  many  instances  25  to  29  per 
cent,  but  in  others  a  much  smaller  percentage  of  wild  rats  has  been  found  infected. 
Under  certain  conditions  epidemics  seem  to  break  out. 

Whether  the  Trypanosoma  which  appear  in  hamsters  and  those  found  in  rats  are 
identical  can  not  yet  be  stated  positively. 

This  parasite  is  very  common  in  rats  in  numerous  places  both  in  the  trypanoso- 
matic  zone  and  in  countries  which  have  apparently  alwaj^s  been  free  from  the  dis- 
ease in  domestic  animals.  For  the  purposes  of  study  it  is  one  of  the  most  easily 
obtainable,  and  because  of  its  nonpathogenic  significance  and  its  very  close  relation 
to  the  more  virulent  forms  is  one  of-  the  most  important  of  the  genus.  The  history 
and  synonyms  recognized  by  leading  authors  have  been  given  above. 

Salmon  and  Stiles  give  as  the  specific  diagnosis: 

**  Eight  to  10  microns  long  by  2  to  3  microns  broad;  24  to  25  microns  long  by  1.4 
microns  broad  (Laveran  and  Mesnil,  1901);  a  very  refringent  granule  (near  centro- 
some)  in  place  of  which  a  clear  vacuole  is  seen  in  stained  preparations.  *  Animal- 
cules exceedingly  minute,  attenuate  and  vermicular  under  normal  conditions,  but 
highly  polymorphic  and  capable  of  assuming  a  variety  of  contours;  flagellum  single, 
terminal,  two  or  three  times  the  length  of  the  extended  body;  no  contractile  vesicle 
*    *    *    as  yet  detected,' " 

Doflein's  description  translated  reads  as  fdllows: 

''The  Trypanosoma  of  rats  is  lance-shaped  and  reveals  a  very  finely  granular  proto- 

Elasm,  around  which  a  thin  hyaline  but  clearly  visible  entoplasm  lies.  From  the 
itter  sprmg  the  flagellum  and  the  undulating  membrane.  The  flagellum  is  almost 
as  long  as  the  body  itself,  and  springs  from  the  posterior  end  of  the  parasite  w4th  a 
central  nucleus-like  structure  considered  as  its  origin,  and  then  contmues  as  a  thick- 
ening of  the  edge  of  the  undulating  membrane,  first  becoming  free  at  the  anterior 
end  of  the  parasite  and  wriggling  about  in  the  medium  surrounding  it.  In  the 
anterior  part  of  the  parasite  is  found  the  somewhat  large  nucleus,  staining  deeply  and 
filled  with  a  dense  chromatin  network.  A  contractile  vacuole  has  not  been  seen.  The 
length  of  2V.  lewmi  varies  between  8  and  10  microns  and  the  breadth  between 
2  and  3  microns." 

As  is  true  of  other  parasites,  Tr,  leudm  undoubtedly  shows  variations  in  size.  Indi- 
viduals are  found  not  measuring  more  than  15  to  20  microns  in  length  by  1  to  2 
microns  in  breadth.  On  the  other  hand,  specimens  are  seen  which  mav  be  Mly  30 
microns  long  and  3,5  microns  broad.  The  average  measurements  of  adult  parasites 
observed  in  Manila  i^ts,  obtained  from  hundreds  of  specimens,  are  25  microns  long 
by  2.5  micron^  broad. 

On  the  whole  the  motility  of  this  parasite  in  the  hanging  drop  is  probably  greater 
than  that  of  any  other  Trypanosoma.  The  active  darting  motion  observed  is  not 
characteristic  of  all  specimens,  and  we  have  been  unable  to  determine  the  responsi- 
bility of  outside  influences  for  these  variations. 

In  addition  to  Tr.  lewmiy  Manila  rats  certainly  hscrbor  Tr.  evarmi,  and  wb  have  not 
yet  satisfied  ourselves  that  there  is  not  a  third  variety  in  some  of  them.  This  makes 
observations  of  Ti\  lewmi  based  upon  the  examination  of  the  Trypanosoma  found  in 
rats  more  difficult,  and  in  the  past  has  probably  been  responsible  for  the  lack  of 
harmony  in  results  obtained.  t_  ,     .    , 

Numerous  comparisons  of  diagnoses  made  of  rat  Trypanosoma  by  morphological 
characteristics,  and  by  those  determined  by  animal  experiment  with  the  same 
organisms  have  fully  convinced  us  of  the  futility,  in  many  cases,  of  depending  upon 
microscopic  data  for  the  diagnosis  of  Tr,  letmii  or  of  other  Trypanosoma, 
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The  most  trustworthy  and  important  diagnostic  point  for  this  parasite  besides  the 
animal  test  is  the  fact  already  brought  out  by  others,  particularly  by  Laveran  and 
Mesnil,  that  it  lives  so  long  in  the  ice  box,  where  in  solutions  of  blood  in  potassium 
citrate  IV.  levdm  retain  their  activity  for  days,  and  filways  longer  than  Tr.  evansii, 
whicli  on  various  occasions  have  been  tested  side  by  side  with  them.  They  not  only 
retain  their  activity  longer,  but  also  remain  infectious  for  rats  for  a  much  greater 
length  of  time. 

This  is  not  true,  however,  when  compared  with  the  possible  third  variety  of  rat 
Ti'ypanosoma  mentioned  above;  These  are  excessively  motile,  remaining  so  for  a  long 
time  in  the  ice  box,  where  they  maintain  their  infectiousness.  The  supposition  that 
these  TiYpanosoma  belong  to  a  separate  species  has  been  gradually  evolved  from  experi- 
mental data.  There  have  been  times  when  we  have  felt  conlidcnt  we  were  working 
with  IV.  Imvisii,  only  to  find  the  parasites  infectious  for  dogs,  monkeys,  etc.,  after 
two  or  three  days  in  the  ice  box.  At  present  this  point  has  not  been  satisfactorily 
determined  and  must  be  left  to  a  future  discussion. 

Of  this  we  are  sure — that  Trypanosoma  corresponding  in  every  respect  to  the 
descriptions  given  of  Tr.  letmii,  including  their  noninfectiousness  for  other  animals, 
may  be  founci  in  the  blood  of  Manila  rats.  In  addition  to  these,  Trypanosoma  cor- 
rect in  every  essential  for  7r.  evansii  occur  in  these  rodents,  as  well  as  parasites  which 
microscopically  resemble  Tr,  leivim^  but  are  infectious  for  other  animals,  producing 
disease  and  death. 

Trypanosoma  evansii  Steel,  1886. 

A  motile  Trypanosoma^  20  to  30  microns  in  length  by  1  to  2  microns  in  breadth, 
somewhat  blunt  at  the  posterior  end  and  gradually  tapering  at  the  anterior  end.  The 
undulating  membrane  is  well  defined,  beginning  at  or  near  a  small  body  in  the  pos- 
terior portion  of  the  parasite  and  extending  forward  as  a  free  flagellum.  This  Try- 
panosoma is  provided  with  a  nucleus  and  a  granular  protoplasm. 

We  have  classified  the  parasite  causing  trypanosomiasis  in  the  Philippine  Islands  as 
Tr,  evansii.  It  is  the  name  adopted  for  the  original  organism  causing  the  disease  in 
domestic  animals;  and  the  one  in  the  Philippine  Islands  answers  the  descriptions  of 
this  Trypanosoma  as  well  as  do  some  of  the  parasites  later  to  be  discussed. 

It  is  a  Trypanosoma  from  20  to  30  microns  long  by  1  to  3.5  or  4  broad,  including 
the  flagellum.  The  gradually  tapering  anterior  end  is  provided  with  a  long  flagellum, 
which  in  the  living  parasite  has  a  very  active  motion  and  is  a  free  continuation  of  the 
thickened  border  of  the  undulating  membrane.  It  extends  backward  along  this 
membrane  to  its  end,  about  one-third  to  three-fourths  the  length  of  the  parasite,  and 
terminates  at  or  near  the  centrosome  (micronucleus).  The  undulating  membrane 
extends  from  the  posterior  portion  of  the  parasite  along  one  border  to  the  anterior, 
where  it  gradually  tapers  into  the  free  flagellum.  This  membrane,  active  in  the  liv- 
ing parasite,  in  fixed  specimens  is  found  to  be  more  or  less  folded,  giving  it  a  ruffled 
or  fluted  appearance.  It  is  usually  homogeneous,  but  sometimes  contains  granular 
matter  apparently  identical  with  that  found  in  other  parts  of  the  parasite.  The  pos- 
terior end  of  the  parasite  is  more  or  less  blunt.  In  the  living  state  this  part  is 
undoubtedly  contractile,  a  fact  which  accounts  for  the  varying  degrees  of  bluntness 
seen  in  fixed  specimens.  Too  much  importance  has  been  attached  to  the  shape  of 
this  extremity,  which  in  the  parasites  observed  by  us  varies  too  much  to  be  very 
significant  as  a  diagnostic  point. 

The  protoplasm  of  the  parasite  alters  considerably  Avith  conditions,  one  of  which  is 
probably  the  age  of  the  organism.  In  some  it  is  almost  homogeneous  as  viewed  with 
a  Zeiss  1/12  objective  ocular  4.  It  is  usually  granular,  especially  in  the  anterior  por- 
tion, the  granules  being  either  small  or  large,  but  more  often  of  the  two  kinds.  A 
number  of  the  larger  chromatin  granules,  which  may  measure  as  much  as  1  micron, 
are  often  seen  near  the  centrosome,  again  in  the  anterior  portion,  and  sometimes 
well  up  into  the  flagellum.  We  have  observed  them  a  few  times  in  the  undulating 
membrane. 

The  nucleus  is  situated  somewhat  anteriorly  to  the  center  and  is  oval  or  round  and 
of  good  size.  A  nucleolus  is  not  usually  observed.  The  nucleus  takes  a  character- 
istic stain  and  is  homogeneous  or  slightly  irregular  in  structure;  but  we  have  been 
unable  to  bring  out  the  beautiful  effects  of  karyokinetic  division  illustrated  by  some 
authors. 

The  centrosome  is  situated  in  the  posterior  portion,  its  distance  from  the  poste- 
rior end  varying  from  one-fourth  to  one-third  the  length  of  the  parasite,  depending 
no  doubt  upon  the  degree  of  contraction  of  this  part  at  the  time  of  fixing.  It  is  chro- 
matic and  within  small  limits  varies  in  size.  It  is  intimately  associated  with  the 
beginning  of  the  undulating  membrane  and  flagellum,  and  while  difficult  to  demon- 
strate satisfactorily  is  probably  the  head  of  tha  flagellum. 
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In  fresh  specimens  the  parasite  has  an  eel-like  motion,  owing  to  the  vibration  of 
the  undulating  membrane  and  flagellum,  and  to  a  less  extent  to  the  action  of  the 
entire  parasite.  The  actual  motility  varies  in  some  specimens,  and,  while  it  is  gen- 
erally not  great,  it  may  be  quite  extensive.  These  variations  are  difficult  to  explain, 
the  more  so  since  they  occur  in  specimens  prepared  from  the  same  animal  at  differ- 
ent times.  For  the  study  of  structure,  fixation  and  staining  are  necessary.  The 
various  methods  which  have  been  published  for  showing  the  motion  of  the  living 
parasite  in  such  a  way  as  to  reveal  the  structure  are  unsatisfactory. 

Habitat. — The  habitat  of  this  Trypanosoma  has  already  been  given,  but  we  wish  to 
add  Manila  rats  to  the  list.  This  fact  merits  especial  emphasis  in  the  consideration 
of  measures  for  the  control  of  the  incurable  malady  caused  by  the  parasite. 

Pathogenesis, — It  is  pathogenic  for  nearly  all  animals,  as  will  be  seen  when  the  dis- 
cussion of  susceptible  animals  is  reached. 

Trypanosoma  brucei  Plimmer  and  Bradford^  1899. 

Laveran  and  Mesnil  describe  it  as  a  Trypanosoma  26  to  27  microns  long  by  1  to 
li  microns  broad.  In  horses  and  asses  it  may  reach  2Q  to  30  microns  in  length.  The 
size,  however,  varies  but  little.  It  is  a  motile,  worm-like  organism,  with  an  undu- 
lating membrane  extending  into  a  long  flagellum  at  the  anterior  end.  The  posterior 
end  is  variable — round,  tapering,  or  cone-shaped.  The  motility  is  not  great.  The 
structure  is  not  well-marked  in  fresh  specimens,  but  in  stained  ones  it  closely  resem- 
bles that  of  Tr.  letuisii.  It  contains  large,  deeply-staining  granules,  especially  in  the 
anterior  end.  The  nucleus  near  the  middle  of  the  body  is  elongated  and  contains 
deeply-staining  granules.  The  centrosome  is  near  the  posterior  end,  and  is  a  round 
corpuscle  staining  more  intensely  than  the  nucleus  and  often  surrounded  by  a  clear 
zone  in  stained  specimens.  The  flagellum,  free  in. the  anterior  end,  continues  along 
the  undulating  membrane  and  stops  near  the  centrosome,  appearing,  however,  to  be 
separated  from  it  by  the  clear  zone  above  mentioned.  In  involution  forms  fiagella 
often  apj)ear  to  have  direct  connection. 

Bruce  says  that  this  parasite  as  found  in  the  dog  is  thicker,  shorter,  and  the  poste- 
rior end  more  rounded  than  in  other  animals.  In  the  horse,  the  dimensions  are 
nearly  double,  with  the  posterior  end  tapering, 

Plimmer  and  Bradford  consider  the  parasite  to  vary  in  size  and  length  with  the 
period  of  the  disease  and  the  species  of  the  animal,  being  the  largest  in  the  rat  at  the 
time  of  death. 

Salmon  and  Stiles  ^ive  as  the  specific  diagnosis  of  this  Trypanosoma: 

"Twenty-five  to  thirty  microns  long,  1. 5  to  2. 5  microns  broad.  As  compared  with 
Tr.  lenmiij  the  posterior  extremity  of  Tr.  brucei  is  not  so  sharp,  the  imdulating  mem- 
brane is  broader  and  more  plicate,  the  protoplasm  colors  more  easily  and  more 
deeply,  and  the  movements  are  less  active.  The  protoplasm  contains  granules,  which 
accumulate  principally  in  the  anterior  half,  some  of  which  are  as  large  as  the  cen- 
trosome, and  they  color  the  same  as  the  centrosome;  centrosome  divides  before  the 
nucleus.'* 

Habitat — It  is  found  in  the  blood  of  several  species  of  domestic  as  well  as  wild 
animals.    This  point  is  more  fully  discussed  in  the  chapter  devoted  to  this  subject. 

Pathogenesis — It  is  infectious  upon  inoculation  for  nearly  all  animals. 

Trypanosoma  rougetii;  Laveran  &  Mesnil j  1901, 
Trypanosoma  equiperdum  DofleiUy  1901. 

Rouget  describes  this  parasite  as  a  motile,  worm-like  Trypanosoma  18  to  26 
microns  long  and  2  to  2. 5  microns  broad,  with  an  undulating  membrane  and  a  long 
anterior  flagellum.  The  posterior  end  is  tapering  or  blunt  and  contains  a  small 
shining  globule  which  does  not  stain.  The  protoplasm  is  granular.  He  considers  it 
identical  with  other  Trypanosoma  of  domestic  animals. 

Nocard,  who  worked  with  this  parasite,  considers  it  and  the  disease  produced  by 
it  identical  with  other  Trypanosoma  and  trypanosomatic  infections. 

Buffard  and  Schneider  maintain  a  dose  relationship  between  this  parasite  and  the 
others,  but  they  are  not  sure  of  their  identity. 

Habitat — Blood  and  lesions  of  horses  and  asses  suffeiing  from  dourine. 

Pathogenesis. — Naturally  infected  animals  are  horses  and  asses.  Infection  may  be 
transferred  by  inoculation  to  dogs,  rabbits,  white  mice,  and  several  other  animals.    ' 

Trypanosoma  nepveui. 

Whether  or  not  this  a  distinct  species  is  hardly  deteMninable  from  the' descriptions 
thus  far  given,  but  the  work  of  those  having  cases  of  trypanosomiasis  in  man  under 
observation  will  probably  settle  this  point.  All  parasites  of  human  trypanosomiasi-3 
are  included  tentatively  m  this  species  for  convenience. 
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Nepveii  first  described  a  Trypanosoma  in  human  blood  as  follows: 
**This  Trypanomma  presents  all  the  characteristics  of  tlie  genus.  It  has  a  homo- 
geneous, colorless  membrane,  one  border  of  which  is  thinner  than  the  other,  and 
hyahne,  with  characteristic  undulating  movements.  This  membrane  bears  a  rmcleus 
and  a  fine  flagellum,  situated  anteriorly,  the  undulations  of  which  follow  in  rapid 
succession. 

*  *  *  *  *  *  -x. 

"  In  conclusion,  Trypanosoma  must  be  classed  among  the  parasites  of  human  blood. 
I  am  unable  at  present  to  give  a  more  complete  description  of  this  variety,  and  there- 
fore refrain  from  giving  it  a  special  name.  It  will  therefore  be  best  first  to  establish 
the  similarities  and  differences  between  this  parasite  and  the  congeneric  j)arasites  of 
animals  and  also  to  complete  the  observations  on  its  morphology  and  life  history." 

Button,  who  has  found  a  Trypanosoma  in  Forbe's  case  m  South  Africa,  describes 
the  parasite  as  follows: 

"In  contrasting  the  parasite  with  similar  prasites  in  animals  it  approaches  most 
nearly  in  its  morphology  2V.  hruceL  It  is  the  smallest  of  all  described  mammalian 
Trypanosoma;  its  average  length  is  22  microns  including  the  flagellum;  its  breadth  is 
greater  in  proportion  to  its  length  than  in  other  parasites.  The  posterior  part  as 
measured  from  the  micronucleus  to  the  extreme  tip  is  short  and  characteristic  for 
this  parasite. 

''The  micronucleus  and  its  associated  vacuoles  are  alwavs  large  and  well  marked. 
The  'set'  in  fixed  specimens  differs  from  that  of  other  species,  as  has  already  been 
pointed  out. 

"  DoctOT  Laveran,  who  has  very  kindly  examined  some  blood  films  taken  from  the 
patient,  informs  me  that  if  the  morphological  characters  are  alone  considered,  he 
would  regard  my  specimen  as  a  new  species;  it  differs  from  Tr,  hrucei  in  the  length 
of  the  flagellum  and  in  the  small  number  of  chromatin  granules  in  the  protoplasm. 

"  Having  as  yet  not  had  the  opportunity  of  transferring  the  parasite  in  the  blood 
from  man  to  other  animals,  as  has  been  so  completely  done  in  nagana  by  Bruce  in 
Africa;  Kanthack,  Durham,  und  Blandford,  and  Plimmer  and  Bradford  in  England; 
Laveran  and  Mesnil  in  France;  and  to  a  less  extent  in  surra  by  Evans,  Steele,  Lin- 
gard,  Van  Dyke  Carter;  and  in  dourine  by  Rouget,  Nocard,  and  others,  I  am  quite 
unable  to  contrast  the  pathogenicity  and  the  morphological  appearance  of  the  human 
parasite  in  lower  animals  with  the  other  species.  It  is  to  be  remembered  that  no 
case  has  ever  been  recorded  in  man  in  the  districts  in  which  animal  infection  is  so  * 
common,  although  man  is  exposed  to  the  same  risk  of  infection — for  instance,  the 
tsetse  fly  {Glossina  morsitans,  Westwood),  which  was  proved  by  Bruce  to  carry  the 
infection  of  nagana  from  animal  to  animal,  bites  travellers,  natives  and  others,  as 
well  as  animals. 

"The  consideration  of  these  facts  and  the  discovery  of  a  parasite — evidently  of  thp 
genus  Trypanosoma— in  the  blood  of  a  patient  presenting  symptoms  markedly 
similar  in  very  many  points  to  those  of  the  two  or  more  diseases  of  lower  animals 
which  have  been  definitely  proved  to  be  caused  by  the  presence  of  different  species 
of  the  genus  Trypanosoma,  forces  one  to  the  conclusion  that  the  parasite  found  in 
this  patient  is  a  new  species,  and  is  also  the  cause  of  the  disease  from  which  the 
patient  is  suffering.     I  would  therefore  suggest  the  name  Trypanosoma  gamUense.'' 

Until  more  work  has  been  done  it  is  advisable  to  use  caution  in  classifying  this 
Trypanosoma  as  a  separate  species.  It  is  done  in  this  report  tentatively,  but  the 
chances  are  that  careful  work  will  decide  it  to  be  identical  with  some  of  the  others. 
There  are  several  reasons  for  this  assumption.  The  cases  so  far  reported  are  from 
areas  where  the  disease  is  prevalent  in  animals,  and  these  cases  are  few  in  number 
and  somewhat  scattered.  There  are  probably  many  cases  which  have  not  been  de- 
tected, but  we  can  not  believe  them  suflSciently  numerous  to  perpetuate  the  species 
without  a  host  in  some  of  the  lower  animals.  It  seems  much  more  likely  that  there 
are  changes  in  the  patients  which  somehow  interfere  with  their  natural  resistance 
for  the  well-known  parasites. 

Trypanosoma  equinum  Voges,  1901. 
Trypanosoma  elmassianii,  1902, 

The  length  of  this  parasite,  according  to  Voges,  is  two  to  three  times  and  its  width 
one-third  to  one-half  the  diameter  of  a  red-blood  cell.  The  anterior  end  is  provided 
with  a  flagellum  about  as  long  as  the  body  of  the  parasite,  and  extends  backward 
about  two-thirds  the  length  of  the  body  as  a  somewhat  thickened  margin  of  a  distinct 
undulating  membrane.  The  posterior  end  of  the  parasite  is  about  one- third  the 
length  of  the  flagellum,  and  is  contractile  and  somewhat  beak-shaped.    Its  motion 
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resembles  that  of  an  eel,  but  the  actual  motility  is  not  great,  the  whole  body  taking 
part  in  an  excessively  active  wriggling  motion  and  the  flagelkim  and  beak  ends 
moving  in  oi>i>osite  directions.  The  motion  is  due  to  the  undulations  of  tlie  mem- 
brane, which  run  in  both  directions.  The  flagellum  is  the  anterior  extremity,  l)ut 
the  parasite  may  move  in  the  opposite  direction.  There  is  a  nucleus  toward  the 
anterior  and  a  centrosome  near  the  posterior  end,  and  the  protoplasm  is  granular. 
In  young  parasites  (rarely  found)  a  larger  speck  (nucleus)  is  seen  near  the  anterior 
and  a  smaller  chromatin  mass  near  the  posterior  end.  The  chromatin  mass  in  stained 
specimens  is  sometimes  surroimded  by  a  bright  area,  which  in  turn  is  surrounded  by 
a  nonstaining  border. 

Habitat . — Similar  to  that  of  Tr.  hrucei  and  Tr.  evansii,  except  for  cattle,  which  are 
said  to  be  immune. 

Pathogenesis. — Pathogenic  for  domestic  and  certain  wild  animals.  Vogea  considers 
the  cattle  of  South  America  immune. 

Trypanosoma  theilerii  Bruce^  1901. 

Bruce  has  published  a  note  regarding  a  new  Trypanosoma  discovered  by  Theiler  in 
the  cattle  of  South  Africa.  The  new  parasite  is  to  be  distinguished  by  its  size,  being 
almost  twice  as  large  as  any  of  the  others.     It  is  pathogenic  only  for  cattle. 

Laveran  and  Mesnil  have  studied  this  Trypanosoma  in  specimens  furnished  by 
Theiler,  and  they  agree  that  it  is  a  new  species.  They  give  its  length  as  30  to  60 
microns  and  its  breadth  as  2  to  4  microns.  In  its  general  structure  and  modes  of 
division  it  does  not  differ  materially  from  other  Trypanosoma.  They  consider  one  of 
its  diagnostic  points  the  presence  of  blood  cells' with  basophilic  granules  in  the 
infected  blood. 

Habitat. — Blood  of  cattle. 

Pathogenesis. — Horses,  dogs,  goats,  sheep,  deer,  rabbits,  guinea  pigs,  rats,  and  mice 
are  said  to  be  immune  to  this  parasite,  but  Theiler  m  as  able  to  infect  calves  by 
inoculation. 

Trypanosoma  transvaaliense  Laveran  and  Mesnil^  190^. 

This  Trypanosoma  was  discovered  by  Theiler  in  the  cows  of  the  Transvaal.  Its 
dimensions  are  variable,  the  average  being  30  microns  in  length  by  4  to  5  microns  in 
breadth.  Its  characteristic  diagnosis  is,  according  to  Laveran  and  Mesnil,  who  have 
studied  specimens  submitted  by  Theiler,  the  presence  of  the  centrosome  near  the 
center  of  the  parasite  and  near  and  sometimes  united  to  the  nucleus.  The  altered 
corpuscle  seen  in  blood  infected  with  Tr,  theilerii  have  not  been  seen  with  this  parasite. 

Habitat. — Blood  of  Transvaal  cattle. 

DIFFERENTIAL   DIAGNOSIS   OF   TRYPANOSOMA    OF   MAMMALS. 

Regarding  the  differential  diagnosis  of  the  Trypanosoma,  which  are  of  the  greatest 
importance  in  the  disease  of  domestic  animals,  there  seems  to  be  considerable  differ- 
ence of  opinion,  and  the  work  will  probably  not  be  satisfactorily  completed  until  all 
the  supposed  varieties  are  studied  in  one  country  in  similar  environments. 

According  to  Laveran  and  Mesnil  the  distinction  between  Tr.  brucei  and  Tr.  lewisii 
is  marked.  Tr.  lewisii  is  thinner  and  more  tapering,  and  its  undulating  membrane 
is  smaller  and  less  folded.  Its  protoplasm  colors  less  deeply.  Its  chromatin  gran- 
ules are  not  so  large  or  numerous.  Its  posterior  extremity  is  always  thin  and  taper- 
ing and  never  has  the  appearance  of  a  truncated  cone.  It  lives  longer  on  ice  than 
does  Tr.  brucei.  However,  individuals  showing  no  material  differences  are  found  in 
both  varieties.  In  fresh  blood  without  the  presence  of  dividing  forms  they  are  dif- 
ferentiated with  great  difficulty.  In  Tr.  brucei  the  centrosome  always  divides  first, 
following  which  the  flagellum,  nucleus,  and  protoplasm  separate  in  the  order  named. 
In  Tr.  lewisii  division  may  begin  in  the  nucleus,  and  before  it  takes  place  the  para- 
site sometimes  reaches  5  microns  or  more  .in  breadth. 

Tr.  equiperdum,  according  to  the  same  authors,  closely  resembles  Tr.  brucei,  but 
the  morphologic  differences  between  the  two  are  appreciable.  Tr:  brucei  has  nmch 
greater  dimensions;  its  protoplasm  colors  more  deeply  and  nearly  always  contains 
large  chromatin  granules,  which  are  absent  in  Tr.  equiperdum,  which  is  never  more 
than  20  microns  in  length.  However,  we  have,  in  the  blood  of  animals,  seen  Tr. 
equiperdum,  which  closely  resembled  TV.  brucei,  that  methods  of  differential  diagno- 
sis were  unsatisfactory. 

TV.  brucei  and  Tr.  equinum,  according  to  Laveran  and  Mesnil,  have  almost  the  same 
length  and  form.  The  protoplasm,  the  nucleus,  the  undulating  membrane,  and  the 
flagellum  have  the  greatest  resemblance  in  the  two  Trypanosoma,  but  this  is  not  true 
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of  the  eentrosomes.  The  centrosome  of  TV.  brucei  colors  easily  and  deeply  and 
iiieasiires  about  IJ  micTons  in  diameter;  that  of  Tr.  emdniim  does  not  measure  more 
than  one-third  or  one-fourth  micron,  and  colors  rose  like  the  fiagellum,  and  not  vio- 
let like  the  centrosome  of  Tr.  brucei.  A  numl)er  of  chromatin  granules  difficult  to 
examine  are  often  found  near  it.  Some  observers  have  come  to  tlie  conclusion  that 
the  centrosome  is  defective  in  TV.  equinum.  Owin^  to  the  fact  that  the  centrosomes 
differ  in  stained  specimens  of  the  blood  of  mice  infected  simultaneously  with  Tr. 
brucei  and  Tr.  eqnirmm,  they  have  been  able  to  distinguish  the  two  species  of  Try- 
'panosoma.  The  forms  of  multiplication  are  the  same,  double  partition  being  the 
rule.  Large  divisions  into  three  or  four  parts,  which  are  somewhat  more  common 
in  Tr.  equiniDn  than  in  Tr.  bruceiy  are  sometimes  observed. 

Martini  considers  the  posterior  end  of  Tr.  brucei  more  blunt  than  that  of  Tr.  leyisii, 
Tr.  eqiiinunij  or  TV.  evausii. 

Buffard  and  Schneider  and  several  others  believe  TV.  rougetii  to  be  identical  with 
the  other  TrypcmoBoma  i)roducing  Trypanosomiasis  in  domestic  animals. 

Scheube,  Bruce,  Rost,  Koch,  and  many  others  consider  TV,  evanmiy  Tr.  Irrucei,  and 
some  of  the  other  parasites  identical. 

Lignieres  has  recently  written  elaborately  regarding  the  distinctions  between  the 
various  Trypanosoma  of  mammals.  In  the  main  his  results  agree  with  those  of  Lave- 
ran  and  Mesnil  already  given,  and  his  additional  conclusions  are,  in  some  instances, 
based  upon  his  misconception  of  the  work  of  others. 

A  consideration  of  this  subject  resolves  itself  into  two  headings — first,  a  differentia- 
tion based  upon  microscopic  observations  of  the  parasites,  and  second,  that  based 
upon  their  pathogenic  action.  As  might  be  expected,  the  more  two  parasites  differ 
when  compared  by  one  of  these  methods  the  greater  will  be  the  difference  between 
the  two. as  determined  by  the  other. 

TV.  lemsii  differs  morphologically  from  the  parasite  of  nagana,  surra,  etc.,  and 
these  differences  are  confirmed  by  those  in  their  pathogenic  action.  Concurrence  of 
opinion  on  the  individuality  of  TV.  leuisii  as  found  in  different  countries  is  so 
universal  that  further  attention  need  not  be  paid  to  it. 

When  w^e  come  to  consider  the  identity  or  nonidentity  of  TV.  evansii,  Tr.  brueeiy  Tr. 
rougetii  {equiperdum) y  and  Tr.elmassianii  (equinum) y  we  are  compelled  to  obtain  our 
data  for  all  of  these  parasites,  except  TV.  evandiy  from  the  work  of  other  authors. 

Taking  up  first  the  study  of  morphologic  differences,  we  fail  to  see  any  justifica- 
tion for  the  extremely  careful  and  guarded  conclusions  of  Laveran  and  Mesnil,  or  the 
very  sweeping  ones  of  several  more  recent  authors.  They  have  disregarded  the  fact 
of  the  variability  of  these  organisms  in  the  same  species  of  animal  in  the  same  coun- 
try, their  greater  variability  in  different  species  of  animals  in  the  same  and  in  differ- 
ent countries,  and  other  conditions  requisite  to  identity  of  environment  and  to  a 
conclusive  comparative  study.  It  must  be  remembered  that  we  are  dealing  with 
organized  animal  life  and  that  environment  has  an  important  influence  on  its  phys- 
ical condition. 

The  most  important  differences  which  conservative  writers  generally  point  out 
between  these  organisms  are  variations  in  the  shape  of  the  posterior  extremity,  the 
centrosome  and  the  undulating  membrane,  and  the  granular  condition  of  the  parasite 
itself. 

From  careful  observations  we  are  confident  that  the  posterior  end  of  TV.  evansii 
is  contractile,  a  condition  which  a  few  writers  have  noted  in  other  parasites.  This 
results  in  a  variation  of  the  shape  of  this  extremity  in  TV.  evansii,  and  doubtlessly  in 
other  parasites,  as  great  as  that  given  for  any  two  members  of  the  group. 

The  same  statement  applies  to  some  of  the  other  supposed  differences,  such  as 
variations  in  the  undulating  membrane  and  the  general  morphology  of  the  parasite. 

Another  important  factor  which  has  not  been  given  due  consideration  is  the  age  of 
the  parasite,  as  is  also  the  condition,  w^ith  reference  to  life,  of  the  media  from  which 
the  preparations  are  taken  for  study.  In  TV.  evansii  and  probably  in  some  of  the 
other  parasites  the  number  and  size  and  to  a  certain  extent  the  location  of  the  gran- 
ules depend  upon  the  conditions  mentioned.  The  difference  in  the  staining  of  the 
centrosome  in  TV.  brucei  and  TV.  elmassianii  {equimma),  first  emphasized  by  Laveran 
and  Mesnil,  we  are  not  in  a  position  to  comment  upon. 

Laveran  and  Mesnil  have  written  very  carefully  regarding  the  differentiation  of 
these  parasites,  and  are  most  conservative  in  considering  differences  in  pathogenic 
action,  regarding  the  latter  as  secondary  in  importance  to  the  morphologic  differ- 
ences of  the  organisms.  More  effusive  and  less  careful  writers  have  drawn  emphatic 
conclusions  from  pathogenic  manifestations  alone.  There  is  undoubtedly  a  great 
similarity  in  the  pathogenic  action  of  the  various  Trypanosoma,  in  general  the  same 
animals  being  susceptible  and  showing  similar  symptoms  and  post-mortem  lesions. 
The  chief  diferences  are  those  of  degree,  and  they  vary  almost  as  much  in  different 
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animals  of  the  same  species  when  inoculated  with  the  same  Trypanosoma  as  wi*h 
diffeffettt  Trypanosoma.  Cattle,  for  example,  have  been  used  to  show  differences  m 
the  parasites,  when  as  a  matter  of  fact  m  Manila  these  animals,  when  inoculated 
with  Tir.  evansiij  show  variations  as  great  as  those  noted  in  literature  for  any  two 
diseases. 

After  carefully  reviewing  literature  and  taking  our  own  observations  into  account, 
we  do  not  feel  justified  in  forming  a  positive  conclusion;  but  it  seems  to  us  that  proof 
sufficient  to  establish  the  individuality  of  the  Trypanosoma  causing  trypanosomiasis 
in  domestic  animals  has  not  yet  been  advanced. 

MODES  OF  TRANSMISSION   AND   INFECTION. 

Believing  as  we  do  that  the  transmission  of  Trypanosoma  by  biting  and  stinging 
insects  is  the  only  method  deserving  consideration  irom  a  practical  standpoint,  we  are 
in  harmony  with  the  best  thought  of  modern  literature  on  the  subject.  To  demon- 
strate that  this  is  the  only  practical  method  requires  (1)  evidence  of  a  host  constantly 
present  in  infected  zones,  (2)  direct  evidence  of  transmission  from  this  host  to  the 
healthy  animal,  and  (3)  evidence  that  in  the  absence  of  either  the  host  or  the  insects 
the  disease  is  not  communicated. 

With  reference  to  the  presence  of  the  host,  we  have  ample  evidence  that  it  is  con- 
stantly present  in  the  different  countries  afflicted  with  Trypanosoma.  It  has  been 
shown  that  in  Africa  elephants,  camels,  cattle,  and  other  animals  live  for  months 
and  sometimes  years  with  this  disease,  certainly  long  enough  to  carry  the  source  of 
infection  from  one  rainy  season  to  another.  Fod,  Bruce,  and  others  in  this  same 
country  have  shown  conclusively  that  a  certain  percentage  of  the  wild  animals  are 
infected  and  that  they  harbor  the  parasites  with  little  or  no  inconvenience  to  them- 
selves. They  have  further  shown  that  when  these  animals  are  driven  from  a  com- 
munity, the  biting  flies  to  a  large  extent  folloV  them,  and  in  this  manner  the 
epidemic  which  may  be  raging  at  the  time  is  almost  completely  suppressed.  In 
India,  camels,  cattle,  and  other  animals  live  long  enough  with  this  infection  to  carry 
the  disease  from  one  season  to  another;  in  fact  the  camel  may  live  for  more  than 
three  years.  Rogers  and  others  believe  that  in  India  the  cattle,  which  live  for  months 
with  Trypanosoma  in  the  blood  and  often  completely  recover,  principally  act  as  the 
hosts.  In  South  America  wild  animals  and  certain  species  of  cattle  when  infected 
live  for  a  considerable  time  and  act  as  hosts  in  the  propagation  of  the  disease.  Some 
of  the  recent  writers  in  that  country  have  concluded  that  horses  are  infected  in 
sufficient  numbers  to  act  as  hosts. 

In  the  Philippine  Islands  with  an  epidemic  of  two  years'  duration  it  has  been 
found  unnecessary  to  go  outside  of  the  horse  family  to  find  a  host  constantly  present. 
In  Manila  infected  horses  are  found  during  the  entire  year,  during  the  dry  season,  of 
course,  in  small  numbers.  The  wild  animals  of  this  country  have  not  been  exam- 
ined, and  cattle,  while  susceptible  to  the  infection,  are  rarely  found  to  be  naturally 
infected. 

In  literature  there  is  an  abundance  of  incontrovertible  evidence  to  prove  the  disease 
to  be  transmitted  from  sick  to  healthy  animals  by  biting  insects,  and  this  has  been 
fullv  confirmed  by  our  work,  as  will  be  seen  below.  There  is  also  sufficient  evidence 
to  snow  that  in  the  absence  of  either  the  host  or  the  biting  insects,  the  disease  does 
not  spread. 

By  contagion. — There  is  nothing  in  the  nature  of  the  disease  or  in  the  manner  of 
its  spread  that  in  the  slightest  degree  indicates  transmission  by  contagion.  The  same 
may  be  said  also  of  congenital  transmission.  Observers  are  unanimous  in  the  opinion 
that  the  fetus  in  utero  is  not  infected.  We  have  performed  a  number  of  experi- 
ments in  this  line  on  dogs,  monkeys,  rabbits,  guinea  pigs,  and  rats.  In  one  dog 
infected  with  Trypanosoma  by  inoculation  about  two  weeks  before  delivery,  miscar- 
riage followed  on  the  eighth  day.  In  none  of  our  other  animals  was  gestation 
interfered  with  and  the  young  were  never  found  to  be  infected,  though  susceptible 
to  infection.  In  one  of  our  experiments  two  puppies  were  allowed  to  nurse  from  an 
infected  mother  in  an  insect-proof  stable,  and  at  the  time  of  the  death  of  their  mother, 
eight  days  after  their  birth,  they  were  free  from  infection. 

By  coition. — Almost  all  writers,  referring  to  dourine,  state  that  it  is  transmitted 
hj  coition,  and  a  considerable  number  believe  this  to  be  the  only  method  of  trans- 
mission for  this  disease,  while  others  believe  it  to  be  the  exception  even  in  this  form 
of  trypanosomiasis.  This  method  of  transmission  has  been  given  little  consideration 
in  relation  to  the  other  forms. 

Recently  some  writers  upon  this  subject  have  offered  at  least  suggestive  explana- 
tions. Schilling  believes  that  transmission  by  coition  occurs  in  those  regions  free 
from  the  usual  infecting  insects  and  from  other  conditions  favorable  to  the  propaga- 
tion of  the  disease;  and  the  geographic  distribution  of  dourine  would  tend  to  sup- 
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port  Schilling's  concliisioiis.  In  infected  countries,  if  the  infection  takes  jilace  by 
coition,  it  is  lost  sight  of  in  the  more  frequent  methods  and  could  be  determined 
only  by  careful  experimentation. 

We  have  performed  a  nuuiber  of  experiments  looking  to  the  elucidation  of  this 
point  in  the  epidemic  now  raging  in  this  country.  Considerable  difhculty  has  been 
experienced  in  obtaining  direct  evidence.  Horses  are  not  available  for  the  work, 
and  wdth  the  native  ponies  it  has  been  almost  impossible  to  find  at  the  same  time 
infected  animals  and  those  desiring  intercourse.  In  several  instances  infected  blood 
has  been  introduced  into  the  vagina  of  female  dogs  by  the  use  of  a  catlieter.  All 
these  experiments  except  one  have  given  negative  results,  and  in  the  positive  one 
infection  is  attributed  to  a  lesion  of  the  vagina.  In  those  cases  in  which  the  mucous 
membrane  of  the  vagina  was  injured  purposely,  infection  following  the  introduction 
of  virulent  blood  occurred  in  every  case,  with  an  incubation  period  equal  to  that 
following  infection  through  the  injured  mucosa  of  the  mouth. 

We  have  not  observed  an  absolutely  conclusive  result  following  coition.  One  male 
dog  contracted  the  disease  after  intercourse  with  an  infected  female;  but  a  small 
number  of  biting  and  stinging  insects  were  present  at  the  same  time,  so  that  it  was 
probably  transmitted  by  them.  Upon  another  occasion  an  infected  male  goat  was 
seen  to  copulate  with  a  healthy  female,  but  no  infection  followed.  This  was  hardly 
the  jnost  desirable  kind  of  an  experiment,  since  the  goat  in  question  rarely  showed 
parasites  by  microscopic  examination,  though  his  blood  was  infectious  by  aniuial 
experiment.  Again,  the  manner  in  which  goats  effect  copulation  would  be  much  less 
likely  to  result  in  infection  than  in  the  case  of  the  horse,  provided,  as  has  been  sug- 
gested, it  depend  upon  traumatism.  It  seems  more  than  probable,  however,  that  in 
many  animals,  and  especially  in  the  case  of  the  horse,  infection  might  often  follow 
sexual  intercourse  as  the  result  of  traumatic  injury  of  the  genitals.  It  is  not  uncom- 
mon to  see  a  few  drops  of  blood  after  sexual  intercourse  between  these  animals,  and 
it  would  certainly  require  no  stretch  of  the  imagination  to  suggest  the  possible  pres- 
ence of  small  injuries  in  the  mucosa  of  the  genitals  of  both  animals.  It  does  not 
appear,  however,  that  much  importance  should  be  given  to  this  as  a  practical  means 
of  transmission  of  the  disease.  Any  disease  of  horses  transmitted  only  by  coition 
could,  of  course,  l>e  eradicated  with  the  greatest  ease. 

Rats  as  carriers  of  the  infection, — In  referring  to  the  part  played  by  rats  we  come  to 
a  much  more  important  subject.  To  bring  out  its  full  significance  necessitates  a  V)rief 
consideration  of  the  natural  infection  of  rats  with  jpr.  evansii^  a  point  which  will  be 
thoroughly  discussed  under  ** Trypanosomiasis  of  rats,"  and  a  consideration  of  the 
bearing  such  infection  has  upon  the  transmission  of  surra  in  animals  of  economic 
importance. 

Eats,  in  an  indefinite  way,  have  been  blamed  for  the  transmission  of  the  disease. 
Lingard  has  made  elaborate  experiments  to  show  that  grain  soiled  with  the  excre- 
ment of  these  little  pests  and  eaten  by  horses  plays  an  important  part  in  the  spread 
of  the  infection.  He  has  demonstrated  that  rat  surra  is  transferable  to  horses  by 
inoculation;  but,  owing  to  his  failure  properly  to  protect  his  animals  from  insects, 
his  work  has  received  but  little  consideration.  Musgrave  and  Williamson  have 
shown  conclusively  that  a  certain  percentage  of  rats  in  Manila  harbor  Tr.  evansii. 

In  a  preliminary  report  they  say : 

"A  varying  percentage  of  rats  are  known  to  harbor  a  Trypanosoma  somewhat 
resembling  the  one  found  in  the  horse,  and  it  has  been  conclusively  shown  that  a 
certain  number  of  rats  in  Manila  harbor  the  same  Trypanosoma,  which  causes  the 
disease  in  other  animals.  These  parasites  have  been  determined  both  morphologic- 
ally and  in  their  pathogenic  action  to  be  identical  with  the  parasite  causing  trypanoso- 
miasis in  horses." 

With  this  information  we  are  prepared  to  consider  the  part  they  play  in  transmit- 
ting the  disease  to  domestic  animals  and  in  perpetuating  the  epidemic.  Rats  fre- 
quently fight,  and  it  has  been  shown  that  the  infection  passes  from  one  to  another 
in  this  way.  In  addition,  the  wounds  so  caused  attract  biting  insects,  particularly 
fleas,  which  are  known  to  transmit  Trypanosoma  from  rat  to  rat,  and  as  will  be  seen 
later,  from  rats  to  other  animals.  In  Manila  the  number  of  rats  infected  with  Tr. 
emnsii  makes  it  necessary  seriously  to  consider  them  in  discussing  means  of  con- 
trolling the  disease  in  this  city. 

Infection  of  pastures,  food,  and  water. — Infection  through  the  sound  mucosa  and 
through  the  injured  mucous  membranes  presupposes  to  a  large  extent  as  its  source 
infected  food  and  drink.  Lingard,  the  great  champion  of  this  method  of  transmis- 
sion, considers  the  ingestion  of  stagnant  water  and  of  grass  from  land  subject  to 
inundation  a  source  of  infection,  tho  latter  being  a  favorable  breeding  place  for  low 
forms  of  animal  life  and  possibly  of  Trypanosoma. 

Salmon  and  Stiles  believe  that  there  is  nothing  at  present  known  in  connection 
with  the  life  history  of  any  Trypanosoma  to  lead  us  to  look  seriously  upon  grass  as  a 
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source  of  infection.  We  know  that  Trypanosoma  die  yery  rapidly  under  all  usual 
conditions  outside  of  the  living  body.  If  they  are  to  be  found  in  either  food  or 
drink,  they  must  be  in  some  phase  of  the  life  cycle  with  which  we  are  unacquainted. 
It  tood  and  water  should  be  infected,  as  Lingard  maintains,  they  would  still  he 
harmless  in  the  presence  of  the  demonstrated  fact  that  the  disease  is  not  transmittable 
through  the  sound  mucosa  of  the  alimentary  canal. 

In  a  preliminary  report  Musgrave  and  Williamson  make  the  following  stetement 
regarding  this  subject: 


mal  economy  passing  into  the  blood  in  the  forms  we  recognize,  is  without  sufficient 
evidence  to  warrant  consideration  in  this  paper. 

;' Before  leaving  this  subject,  however,  for  a  fuller  discussion  in  a  subsequent  paper, 
it  IS  proper  to  state  that  Trypanosoma  quickly  die  under  all  tried  environments  out- 
side of  the  body  of  some  living  creature,  and  no  evidence  of  their  existence  in  water, 
on  grass,  or  other  similar  places  can  be  advanced.  Both  water  and  grass  have  been 
inoculated  with  large  numbers  of  Trypanosoma  and  have  failed  to  convey  the  disease 
after  days,  weeks,  or  months,  when  fed  to  susceptible  animals,  and  also  when  injected 
under  the  skm. 

''Malaria  is  similar  to  trypanosomiasis  in  that  both  are  mrasitic  diseases  and  both 
are  prevalent  in  low-lying,  marshy  lands  and  during  wet  weather.  Malaria  was  for 
ages  attributed  to  the  air,  the  water,  etc.,  of  these  marshes,  and  it  took  years  to  make 
the  public  understand  that  all  these  conditions  are  harmless  in  producing  it,  pro- 
vided the  patient  is  protected  from  the  bite  of  mosquitos,  so  prevalent  in  these  regions. 
Take  the  epidemic  of  trypanosomiasis  in  Manila.  At  the  time  of  its  outbreak 
and  for  some  time  afterwards,  it  was  confined  to  the  city.  The  grass  and  water  given 
the  horses  were  the  same  which  had  been  fed  for  years,  and  no  disease  resulted. 

Y  The  disease  started  from  a  focus  of  inspection  and  spread  directly  with  exposure 
to  infected  animals,  and  attacked  alika animals  fed  exclusively  on  hay  and  oats  and 
those  fed  on  grass.  The  disease  is  prevalent  in  Manila  at  the  present  time  and  has 
been  so  continuously  since  its  introduction.  The  majority  of  horses  having  the 
disease,  under  our  observation  for  the  past  four  months,  had  been  fed  previously 
entirely  on  hay  and  oats. 

''In  one  large  stable,  with  both  American  and  native  horses,  four  of  the  American 
horses  and  mules  (fed  entirely  on  dry  feed)  and  two  of  the  native  ponies  have  died 
of  the  disease,  and  one  of  the  two  ponies  was  the  only  horse  of  this  class  in  the  stable 
which  received  dry  feed  only. 

"The  statement  is  made  that  certain  districts  in  India  are  avoided  by  cavalry  on 
the  march  because  of  the  danger  in  these  districts  from  food  and  drink  through  which 
animals  may  contract  the  disease.  Similar  conditions  are  found  in  South  America, 
but  in  addition  it  has  been  shown  that  infected  districts  on  this  continent  are  just  as 
dangerous  to  horses  provided  with  dry  food  and  pure  water  while  passing  through 
them  as  they  are  to  animals  eating  forage  grown  on  the  spot. 

"  It  has  been  shown  by  a  number  of  observers  that  an  infected  animal  taken  to  a 
new  place  becomes  a  focus  for  the  spread  of  the  disease,  provided  biting  flies  are 
present,  no  matter  whether  the  territory  is  marshy  or  dry." 

Since  that  time  the  work  has  been  continued,  but  no  evidence  has  been  obtained 
to  show  that  food,  water,  or  pastures  are  ever  factors  in  the  spread  of  the  disease. 

Attempts  artifically  to  infect  water  and  grass  have  always  failed.  It  is  true  that 
when  these  substances  are  used  as  culture  media  parasites  may  live  for  a  short  time 
under  certain  conditions,  but  multipHcation  to  an  appreciable  extent  does  not  occur. 
•  f '  of  course,  possible  that  infection  may  occasionally  take  place  in  localities  where 
sick  and  Wealthy  horses  graze  on  the  same  ground  or  drink  water  from  the  same 
place,  provided  both  classes  of  animals  have  lesions  of  the  mucous  membranes  or 
cutaneous  wounds  on  those  parts  of  the  legs  which  come  in  contact  with  the  grass 
or  the  water.  It  is  absolutely  certain,  however,  that  if  food  and  water  are  ever 
""^cted  to  any  degree  it  must  be  with  some  form  of  the  parasite  not  yet  known. 
±.venif  such  places  served  as  culture  media  for  Trypanosoma,  as  we  know  them,  they 
would  still  be  comparatively  harmless  to  those  animals  having  sound  mucous  mem- 
branes and  free  from  cutaneous  wounds. 

Infection  through  the  sound  mucosa.— There  is  some  difference  of  opinion,  especially 
among  recent  writers,  in  regard  to  infection  by  food  and  drink  through  the  sound 
mucosa  of  the  alimentary  canal.  Lingard  affirms  emphatically  that  the  disease  is  so 
transmitted,  but  the  great  majority  of  recent  investigators  state  with  equal  positive- 
ness  that  the  disease  can  not  be  so  produced. 

Kanthack,  Durham,  and  Blandford  attempted  to  transmit  Trypanosoma  by  feeding, 
performing  a  number  of  experiments.    At  times  they  were  successful,  but  in  most 
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cases  they  failed.  They  concluded  that  the  possibility  of  infection  depends  upon 
accidental  lesions  of  the  mucous  membranes  of  the  upper  portion  of  the  alimentary 
canal.     Continuing  tliey  say: 

''Of  a  number  of  rats  fed  on  the  organs  of  nagana  animals  only  a  few  acquired  the 
disease,  and  these  invariably  showed  superficial  lesions  of  the  snout  and  ears,  due  to 
bee.  Wlien  fed  upon  infected  material,  they  buried  their  snouts  in  it  and  scratched 
their  ears  with  their  blood-stained  forepaws.  Furthermore,  in  rats  which  acquired 
tlie  disease  through  feeding,  the  cervical  glands  w^ere  always  enlarged  most,  a  fact 
which  proves  that  hematozoal  infection  must  have  taken  place  in  the  head,  for,  as 
we  shall  show,  the  primary  infection  travels  by  the  lymphatics. 

"A  cat  fed  repeatedly  on  the  soft  tissues  of  bodies  of  infected  dogs  and  cats,  and 
subsequently  on  the  bodies  of  dead  rats,  died  at  a  time  corresponding  by  lethal 
period  to  an  infection  at  the  first  meal  on  rats.  We  regard  it  as  probable  that  sonie 
splinter  of  bone  caused  a  superficial  lesion,  through  which  the  hematozoa  were 
enabled  to  enter. 

"A  rabbit  fed  carefully  by  means  of  a  pipettee  with  large  quantities  of  infected 
blood  did  not  show  the  slightest  sign  of  the  disease.  Rouget  (18%)  also  failed  to 
infect  animals  by  the  mouth.'' 

Evans  and  Steel  believe  that  surra  can  be  transmitted  either  bv  ingestion  or  by 
inoculation  in  dogs,  horses,  and  mules,  provided  that  fresh  infected  blood  is  used. 
\Yith  blood  kept  twenty-four  hours  or  more  they  did  not  succeed  in  conveving  the 
disease. 

Writing  in  1899,  Lingard  considered  that  natural  infection  with  surra  might  occur 
in  one  of  four  ways:  (i)  From  eating  grass  and  other  vegetation  grown  upon  land 
subject  to  inundation;  (2)  from  drinking  stagnant  water  during  certain  months  of 
the  year;  (8)  from  the  bite  of  certain  species  of  flies,  probably  as  carriers  of  the  virus; 
and  (4)  from  the  ingestion  of  corn  soiled  with  the  excrement  of  rats  and  bandicoots. 

Having  determined  that  the  Trypanosoma  of  rats  in  India  was  the  cause  of  trypano- 
somiasis in  a  certain  percentage  of  other  animals,  such  as  the  horse,  he  experimented 
to  prove  w  hether  this  was  of  any  practical  importance  in  the  spread  of  the  disease. 
He  mixed  the  excreta  of  rats  with  grain,  which  was  fed  to  horses  during  the  dry 
season  in  an  area  free  from  surra,  with  negative  results.  With  similar  experiments, 
however,  under  favorable  conditions  of  moisture  and  heat  he  claims  to  have  obtained 
positive  ones.     With  regard  to  tliese,  he  writes  as  follows: 

''At  a  later  date,  during  the  latter  half  of  the  hot  season  and  the  rains  of  1893, 
further  experiments  with  the  same  end  in  view  were  carried  out  in  Bombay,  w^here 
the  climate  is  favorable  from  its  hunudity  and  the  disease  is  enzootic.  From  these 
positive  results  w^ere  obtained,  the  incubation  period  occupying  four  months  (about 
June  to  September),  but  the  incubation  period  of  the  disease  will  probably  be  found 
to  vary  with  the  amount  of  moisture  in  the  atmosphere  and  the  amount  of  materies 
morbi  ingested  by  the  animal.  This  points  to  the  probability  that  a  number  of 
surra  cases  in  Bombay  were  contracted  through  the  ingestion  of  rats  or  bandicoots' 
excreta  mixed  with  the  corn." 

Salmon  and  Stiles  doubt  the  accuracy  of  these  results.  They  say  that  Trypanosoma 
have  not  been  found  in  the  excrement  of  either  horses  or  rats;  that  it  is  not  clear 
that  Lingard  used  the  necessary  precautions  to  exclude  fly  bites  and  other  factors  in 
his  experiments,  and  that  if  rats  harbored  Tr.  evansii,  transmission  from  them  would 
have  been  as  possible  by  rats'  fleas  as  by  their  excrement.  Voges  fed  animals  with 
several  liters  of  infected  blood  mixed  into  a  paste  without  results.  Laveran  and 
Mesnil  also  failed  to  convey  the  disease  through  the  sound  mucosa.  Rouget's  feed- 
ing experiments  w^ere  negative,  but  he  obtained  positive  results  by  dropping  infected 
blood  into  the  conjunctiva.  Rogers  w^as  unable  to  convey  the  disease  through  the 
sound  mucosa,  and  says  that  in  those  cases  in  which  infection  occurred  by  feeding 
there  were  injuries  of  the  mucous  membranes.  Rost  writes  that  grass,  grain  infected 
by  rat's  excreta  and  flies  must  be  considered  in  the  etiology.  Salmon  and  Stiles 
consider  ingestion  as  a  possible  means  of  infection,  but  state  that  it  can  deserve  no 
special  consideration  as  a  means  of  transferring  the  disease  from  horse  to  horse. 

It  appears  tons  that  one  of  the  strongest  arguments  against  the  transmission  of  the 
disease  through  food  and  drink  is  furnished  by  Lingard  himself.  He  states  that  a 
street  car  company,  which  had  lost  hundreds  of  horses  from  surra,  finally  provided 
their  animals  with  boiled  drinking  water  only,  and  with  grass  brought  from  an  ele- 
vation of  6,000  feet,  prohibited  the  feeding  of  green  vegetables,  and  also  ordered  the 
animals  to  be  isolated,  without  success.  It  is  to  be  noted  that  these  stables  were 
situated  on  a  street  along  which  infected  horses  were  traveling,  so  that  the  isolation 
of  the  company's  animals  did  not  protect  the  healthy  ones  from  flies.  The  manner 
of  feeding  did  exclude  infection  by  this  means,  and  seems  to  us  a  strong  point  in 
determining  that  food  and  drink  play  absolutely  no  part  in  the  transmission  of  the 
disease. 
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The  numerous  citations  of  instances  in  which  dogs  contracted  trypanosomiasis  by 
eatmg  the  carcasses  of  animals  dead  of  the  disease  seem  to  us  to  be  no  argument  in 
favor  of  its  transmission  through  the  sound  mucosa.  Such  animals  are  always  tight- 
mg,  and  the  infection  might  readily  take  place  through  wounds,  and  in  addition 
these  animals  are  usually  well  provided  with  biting  insects.  Curry  states  that  it  is 
not  known  whether  the  disease  in  the  Philippines  can  be  transmitted  by  food  and 
drink. 

Our  investigations  have  failed  to  produce  the  slightest  evidence  that  infection  by 
food,^  drink,  or  otherwise  ever  occurs  through  the  sound  mucosa.  Musgrave  and 
.  Williamson,  discussing  this  mode  of  transmission,  say: 

**The  great  majority  of  writers  agree  that  infection  can  not  take  place  through  the 
sound  mucosa  of  the  alimentary  tract,  and  that  the  occasional  infection  following 
the  administration  by  mouth  of  the  virulent  blood  and  organs  of  animals  recently 
dead  of  the  disease  are  probably  due  to  the  fact  that  these  animals  had  damaged 
mucous  mem-branes  of  the  mouth  or  upper  part  of  the  alimentary  canal,  w^hich 
would,  of  course,  result  in  infection,  just  as  would  occur  in  any  other  part  of  the 
body  by  bringing  an  injured  surface  into  contact  with  infectious  material,  or  vice 
versa. 

''In  nearly  all  feeding  experiments  large  doses  of  the  infective  agent  have  been 
given,  and  in  this  sense  they  have  not  approached  natural  infection,  which,  from 
the  nature  of  things  and  whether  administered  through  the  mucous  membrane  or 
the  skin,  would  be  in  small  doses. 

''Lingard  attempted  infection  through  the  digestive  canal  by  the  administration 
of  very  small  doses  of  infected  blood,  given  frequently  in  large  dilutions  of  water. 
One  of  his  horses  that  had  received  such  treatment,  and  in  addition  one  dose  of 
13  c.  c.  of  infected  blood,  developed  the  disease  on  the  one  hundred  and  thirtieth 
day  after  the  beginning  of  the  experiment.  He  fed  a  second  horse  200  minims  of 
fresh  virulent  blood  at  one  dose,  with  an  incubation  period  of  seventy-five  days. 
He  does  not  state  that  these  horses  were  protected  from  insects  during  the  periods 
of  the  experiments,  which  were  made  in  an  infected  country,  and  it  is  more  than 
probable,  considering  the  incubation  periods  of  one  hundred  and  thirty  and  seventy- 
five  days,  that  his  animals  were  infected  in  some  other  way. 

*'So  far  as  we  have  been  able  to  discover,  there  is  not  in  literature  any  absolute 
proof  of  infection  through  the  sound  mucosa  by  feeding, 

''  In  this  preliminary  report  but  one  of  our  many  feeding  experiments  will  be  given. 

''Monkey  No.  126— healthy  adult  male  monkey— was  isolated,  temperature  taken, 
and  blood  examined  daily  for  a  week.  The  temperature  remained  normal  and  the 
blood  negative  for  Trypanosoma.  After  twelve  hours'  fasting,  he  was  fed  weekly 
for  six  weeks  on  cooked  rice  (the  usual  diet)  soaked  with  fresh,  warm,  virulent 
blood,  rich  in  Trypanosoma,  from  different  animals  at  different  feedings.  On  two 
occasions  he  was  given  to  drink  infected  blood  in  weak  potassium  citrate  solution,  in 
which  Trypanosoma  live  longer  than  in  any  other  known  solution  outside  of  the 
body. 

"At  the  end  of  six  weeks  the  animal  was  apparently  in  good  health,  temperature 
had  remained  normal,  and  the  blood  free  from  parasites.  In  order  absolutely  to 
exclude  the  existence  of  infection,  a  drop  of  blood  was  injected  subcutaneously  into 
another  monkey,  which  remained  well  and  was  afterwards  proved  susceptible. 
During  the  feeding  the  infected  rice  would  often  be  stored  in  his  chops  and  remain 
there  for  hours. 

"After  proving  the  animal  not  infected  at  the  end  of  six  weeks,  a  small  scratch 
was  made  in  the  mucosa  of  the  mouth  and  he  was  again  fed  as  before.  '  The  disease 
developed  on  the  fourth  day,  as  was  evidenced  by  rise  in  temperature  and  the  pres- 
ence of  Trypanosoma  in  the  blood.  He  ran  the  regular  course  of  the  disease,  and 
died  on  the  eighteenth  day  after  infection." 

This  work  has  now  been  continued  for  more  than  a  year,  involving  the  use  of 
hundreds  of  animals.  We  have  experimented  with  horses,  dogs,  goats,  rabbits, 
guinea  pigs,  monkeys,  cats,  and  rats.  We  have  fed  them  large  and  small  doses  of 
virulent  blood  and  all  kinds  of  preparations  of  both  blood  and  infected  organs.  All 
experiments  were  performed  under  circumstances  which  made  accidental  infection 
impossible.  Particular  attention  to  this  part  of  the  subject  was  deemed  necessary 
in  order  intelligently  to  recommend  measures  for  the  control  of  the  epidemic.  Our 
results  have  given  absolutely  convincing  proof  that  infection  does  not  occur  through 
the  sound  mucous  membranes  by  Trypanosoma,  no  matter  in  what  form  administered. 

Infection  through  the  injured  mucous  membranes. — As  stated  by  Musgrave  and 
Williamson  in  a  preliminary  report,  surra  is  essentially  a  wound  disease,  and  trans- 
mission through  the  injured  mucous  membranes  results  when  infected  material  is 
brought  in  contact  with  it.     When  infection  occurs  through  the  alimentary  tract  it 
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does  so  through  a  wounded  mucous  membrane.  Monkey  No.  126  was  one  of  tlie 
many  animals  experimented  upon  to  determine  this  point,  as  well  as  tlie  possibiUty 
of  transmission  through  the  sound  mucosa.  Of  course  it  was  easv  to  prove  that 
infection  could  occur  through  an  injured  mucous  surface,  but  definitely  to  show  of 
what  importance  this  would  be  in  the  practical  transmission  of  trypanosomiasis 
required  more  work. 

It  was  necessary,  first,  to  determine  what  percentage  of  a  number  of  animals  in  the 
natural  course  of  events  have  sufficient  injuries  to  make  possible  an  infection  in  a 
given  period  of  time.  Naturally  this  was  found  to  vary  greatly.  In  dogs  and  rats 
injuries  are  so  frequent  that  in  order  to  obtain  animals  without  lesions  to  be  used  in 
determining  the  possibility  of  transmission  through  the  sound  mucosa  we  were  com- 
pelled to  confine  each  animal  by  itself  for  some  time.  In  horses,  cattle,  and  other 
animals  of  economic  importance  natural  lesions  of  the  mucous  membranes  are  very 
rarely  found.  In  horses  used  for  carriage  and  draft  purposes  lesions  in  the  corner  of 
the  mouth,  caused  by  the  bridle  bit,  are  quite  frequent.  In  the  case  of  cattle  and 
carabao  lesions  are  seen  in  the  nose  around  the  ring  which  is  placed  through  the 
septum  and  which  usually  has  a  rope  fastened  to  it.  Small  wounds  might  occasion- 
ally be  produced  in  the  mouth  by  eating  rough,  dry  food. 

With  injuries  present  in  the  mucous  membranes,  the  next  question  to  consider  was 
the  manner  in  which  infectious  material  may  be  brought  in  contact  with  these  wounds; 
and  from  a  practical  standpoint  (excluding  flies)  there  are  not  many  possibilities. 
All  such  means  are  of  course  mechanical,  and  readily  suggest  themselves.  They  are: 
Changing  bridle  bits  from  sick  animals  to  healthy  ones,  allowing  healthy  animals  to 
lick  sores  on  sick  ones,  placing  animals  to  graze  upon  the  same  ground  or  allowing 
them  to  drink  the  same  water,  etc. 

Here  may  be  introduced  a  strong  argument  against  the  theory  that  food  and  water 
play  a  serious  part  in  the  transmission  of  the  disease.  If  such  were  the  case,  animals 
with  wounds  would  contract  the  disease  from  eating  and  drinking  food  and  water 
Avhich  had  been  allowed  to  stand  just  as  readily  as  they  do  when  freshly  infected 
material  is  fed  to  them,  but  this  is  not  the  case.  We  have  experimented  on  animals 
with  fresh  wounds,  feeding  them  water  and  grass  infected  from  forty-eight  hours  to 
three  months  previously,  and  kept  under  all  kinds  of  conditions,  but  have  failed  to 
convey  the  disease  in  this  manner. 

Flies.— ~0i  the  biting  insects  that  play  a  part  in  the  transmission  of  tlie  disease,  cer- 
tain varieties  of  flies  are  of  the  greatest  significance. 

Of  flies  credited  with  playing  an  etiologic  role  in  this  disease,  the  tsetse  fly  {(Uoi^sina 
morsitans)  is  among  the  most  important.*^ 

Schilling  states  that  Glossina  logipalpis  is  very  prevalent  in  Togo,  as  well  as 
Stomoxys  caleitrans  and  three  species  of  Tabani.  lie  regards  all  these  varieties  as  able 
to  transmit  the  infection.  He  proved  conclusively  tliat  at  least  two  species  of  these 
flies  can  transfer  the  infection  in  dogs. 

Martini  found  normal  Trypanosoma  twenty-three  liours  after  feeding  the  Stomoxys 
caleitrans  on  infected  blood,  the  insect  itself  being  kept  in  a  room  at  a  temperature  of 
23^  C;  but  he  did  not  see  dividing  forms.  On  the  following  day  the  blood  was 
digested  and  the  parasites  could  not  be  observed.  On  dogs,  biting  experiments  with 
these  flies  failed.  Healthy  horses  and  asses  standing  next  to  sick  horses,  all  cov- 
ered with  Stomoxys  caleitrans,  did  not  contract  the  disease.  Martini's  work  was  per- 
formed in  Berlin. 

AYorking  in  Manila,  Curry  considered  the  Stomoxijs  caldtrans  as  the  principal  agent 
of  transmission  and  found  enormous  numbers  of  them  feeding  on  sick  animals.  He 
observed  active  Trypanosoma  in  the  proboscides  and  stomachs  of  these  flies  twenty- 
four  hours  after  their  feeding  upon  infected  blood.  He  was  unable  to  find  Trypam)' 
soma  in  any  other  species  of  flies.  "  Rost  found  Trypanosoma  in  juices  squeezed  from 
the  horsefly  some  hours  after  feeding  on  a  surra  animal,  and  he  was  convinced  that 
these  transmit  the  disease. 

Lingard  describes  an  epidemic  in  India  in  which  flies  were  very  numerous  and  no 
precautions  to  isolate  or  destroy  infected  ponies  were  taken.  Sixty-five  animals  died 
in  the  region  in  question.  During  the  next  season,  however,  in  the  same  locality 
and  among  the  same  class  of  horses,  the  infected  animals  were  isolated  and  only 
two  deaths  occurred.     He  demonstrated  that  the  body  fluids  of  certain  flies  contain 

«  We  had  hoped  to  introduce  here  a  short  illustrated  description  of  each  species  of 
flies,  which  have  been  credited  with  playing  a  role  in  the  transmission  of  Trypano- 
soma, but  the  pressure  of  other  work  has  prevented  the  entomologist,  to  whom  the 
duty  was  assigned,  from  completing  the  undertaking.  At  some  future  time  we  hope 
to  be  able  to  do  this,  when  we  shall  also  finish  the  discussion  of  some  of  the  points 
left  open  in  this  paper. 
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Trypammma  after  feeding  on  infected  animals  and  that  the  inoculation  of  such  fluids 
in  susceptible  animals  causes  the  disease.  He  and  his  assistants  examined  large 
numbers  of  Diptera  of  some  ten  varieties,  during  both  the  dry  and  the  wet  season, 
but  Trypmiosoma  were  not  found  in  any  c^se,  except  in  adult  flies  which  had  fed  on 
infected  animals. 

Sivori  and  Lecler  in  South  America  proved  that  the  Musca  brava,  the  Stoynoxys  cal- 
citrans,  and  the  Taon  can  transmit  the  disease  from  horse  to  horse.  The  relative  of 
these  flies,  Ochleretatus  obifasdatus,  also  showed  Trypanosoma  after  feeding  on  a  sick 
horse,  but  did  not  prove  capable  of  transmitting  the  infection. 

^  Voges  states  that  the  disease  is  transmitted  only  through  wounds,  injections,  etc. 
Several  varieties  of  Tabard  are  found  in  South  America,  and  the  Musca  brava  is  also 
prevalent,  as  well  as  various  kinds  of  mosquitoes. 

Wasielewski  and  Senn  consider  Tabani  as  active  factors  in  the  transmission  of  the 
disease. 

Rogers  proved  conclusively  that  surra  is  transmitted  by  flies  which  have  recently 
bitten  infected  animals.  Infected  flies  kept  from  one  to  four  days  did  not  transmit 
the  disease  by  biting,  and  were  harmless  when  fed  to  rats. 

Bruce  considers  the  tsetse  fly  able  to  convey  the  disease  for  forty-eight  hours  after 
feeding  on  infected  blood.  He  placed  five  muzzled  horses  in  areas  containing  flies, 
and  notwithstanding  the  fact  that  they  were  all  prevented  from  using  the  food  and 
water  found  there  they  contracted  the  disease.  Suspected  flies  transferred  to  a  dis- 
trict free  from  nagana  conveyed  trypanosomiasis  by  biting  two  dogs  after  four  to 
seven  hours.  He  found  living  Tryx)anosoma  in  the  proboscides  of  these  insects  forty- 
six  hours  after  they  had  fed  on  infected  blood,  and  in  their  stomachs  one  hundred 
and  eighteen  hours  after  feeding;  but  at  the  end  of  one  hundred  and  forty  hours  no 
parasites  were  present. 

Schilhng  noticed  that  at  a  certain  place  in  Africa  on  one  side  of  a  lagoon  3  kilo- 
meters in  width  surra  and  tsetse  flies  were  prevalent,  while  on  the  other  side  neither 
could  be  found. 

Without  going  into  further  detail  there  is  abundance  of  incontrovertible  evidence 
that  the  disease  is  transmitted  by  a  number  of  species  of  biting  flies,  as  was  the 
opinion  of  the  natives  of  India  and  Africa  long  before  science  demonstrated  the  fact. 
It  has  thus  far  been  conclusively  shown  that  the  tsetse  fly  {Glossina  morsitans),  at 
least  one  other  variety  of  Olossina,  Stornoxys  calcitrans,  Musca  brava,  Taon,  and  at 
least  one  variety  of  Tabani  transmit  the  disease.  All  other  biting  insects  have  been 
looked  upon  with  suspicion,  but  absolute  proof  of  transmission  by  them  has  not  been 
furnished. 

Is  it  a  mechanical  action  or  is  it  one  phase  of  the  life  cycle  of  the  j)arasite  which 
takes  place  in  these  insects?  The  time  limit  of  infectfon  in  all  conclusive  experi- 
ments has  been  too  small  to  admit  of  any  other  construction  than  that  the  action  is 
mechanical.  This  is  the  conclusion  of  nearly  all  modern  writers.  Schat,  whose 
work  has  been  mentioned  above,  is  the  only  exception,  but  his  experiments  do  not 
confirm  his  theory  that  a  phase  of  the  life  cycle  of  the  parasite  takes  place  in  the  fly. 
The  time  limit  of  infection  for  these  insects  is  given  by  most  authors  at  twenty-four 
hours,  and  a  few  place  it  as  high  as  forty-eight.  Agreeing  with  Salmon  and  Stiles, 
we  must  say  that  a  phase  of  the  life  cycle  in  insects  is  certainlv  not  necessary  to  a 
definite  continuation  of  the  infection,  and  it  is  extremelv  doubtful  that  it  exists. 

We  have  transferred  the  infection  to  monkeys  by  biting  flies  in  experiments  so 
guarded  as  to  make  the  results  absolutely  conclusive.  We  have  also  transmitted  it 
by  means  of  the  common  house  fly  from  an  infected  dog  having  a  wound  to  a  healthy 
one  in  a  similar  condition.  Monkeys  are  difficult  to  experiment  with,  for  the  reason 
that  they  take  pleasure  in  destroying  all  flies  coming  near  them,  but  we  succeeded 
m  perfornimg  our  experiments  by  placing  one  of  the  animaFs  legs  in  a  test  tube  con- 
taining flies  which  had  recently  been  fed  on  infected  blood.  These  experiments  have 
been  repeated,  and  the  transmission  of  the  disease  to  the  horse,  dog,  monkey  rat 
and  guinea  pig  by  biting  flies  has  been  conflrmed.  Our  work  has  been  conducted 
with  the  greatest  care  and  in  all  cases  controlled  by  animal  experiment.  In  short 
the  transmission  of  the  infection  in  this  way  has  been  so  frequently  shown  that 
further  demonstration  hardly  appears  necessary. 

-  AVith  these  facts  before  us,  however,  we  have  yet  to  discuss  the  very  important 
part  of  the  subject  which  refers  to  the  role  which  these  insects  play  in  the  practical 
dissemination  of  the  disease.  This,  of  course,  is  difficult  to  prove  by  direct  experi- 
ment without  great  expense  and  trouble,  but  the  evidence  showing  this  to  be  the  usual 
method  of  transmission  is  so  conclusive  as  to  render  such  experiments  unnecessary 

Summarized,  this  evidence  is  as  follows:  It  has  been  repeatedly  shown  that  biting 
flies  can  transmit  the  infection.  It  has  been  proved  that  animals  protected  from 
insects  do  not  contract  the  disease,  but  that  when  protected  from  every  other  source 
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of  infection  but  this  one  trypanosomiasis  occurs  with  the  usual  regularity.  Finally, 
no  other  suspected  method  of  transmission  explains  why  they  are  found  in  zones 
where  the  disease  is  epidemic. 

i^/ms.— Plimmer  and  Bradford  and  Rabinowitch  and  Kemjmer  have  shown  con- 
clusively that  fleas  may  transmit  Tr.  lewmi  from  rat  to  rat;  and  it  has  been  suspected 
that  they  may  play  a  similar  rdle  in  the  more  important  animals,  although  this  sus- 
picion had  not,  at  the  time  this  \vork  was  taken  up,  been  demonstrated. 

With  reference  to  the  transmission  of  the  disease  by  fleas,  our  own  work  has  been 
absolutely  convincing.  Surra  has  been  transferred  by  these  insects  from  dog  to  dog, 
from  rat  to  rat,  and  from  rat  to  dog.  Horses  have  not  been  used  for  this  work 
because  of  their  cost  and  the  apparent  uselessness  of  wasting  expensive  animals 
without  material  gain  in  information. 

Sources  of  error  in  this  work  were  eliminated  in  the  following  manner:  The  dogs 
were  placed  in  an  area  covered  with  sand  and  protected  from  insects  by  screens. 
All  but  one  of  the  dogs  were  then  taken  from  the  stable,  and  thin  one  we  proved  to 
be  free  from  Trypanosoma  by  animal  experiment.  A  surra-infected  dog  was  then 
placed  near  by  but  separated  from  the  other  one  by  a  screen  to  prevent  them  from 
touching  each  other,  but  at  the  same  time  allowing  free-  passage  to  the  fleas.  The 
healthy  dog  developed  the  disease  on  the  sixth  day,  as  evidenced  by  a  rise  of  tem- 
perature and  the  presence  of  parasites  in  the  blood.  This  experiment  was  repeated 
a  number  of  times  with  positive  results.  The  time  intervening  between  the  admis- 
sion of  a  dog  and  the  first  positive  evidence  of  disease  (as  nearly  as  the  incubation 
period  could  be  estimated)  varied  from  five  and  one-half  to  twelve  days. 

All  animals  w^ere  then  removed  from  the  flea-infected  area  and  only  healthy  ones 
introduced  after  periods  of  time  varying  from  twenty-four  hours  to  four  weeks. 
Although  the  fleas  in  the  sand  remained  quite  plentifulno  infection  occurred. 

Rats  m  screened  cages  placed  in  this  flea-infected  area  in  close  proximity  to  an 
.infected   dog  contracted  the  disease.     The  dog  was  then  removed  and  a  cage  of 
healthy  rats  substituted,  some  of  which  contracted  the  disease. 

These  observations  have  removed  fleas  from  the  doubtful  means  of  transmission 
and  proved  them  to  be  a  factor  to  be  carefully  considered  in  oui  efforts  at  prevention. 
Fleas  are  very  numerous  in  Manila,  especially  so  during  the  wet  season,  when  tryp- 
anosomiasis is  most  prevalent. 

Mosquitoes. — Beyond  the  bare  mention  of  the  possibility  that  these  insects  may 
transmit  Trypanosoma^  we  have  been  unable  to  find  any  records  in  literature,  and 
because  of  the  lack  of  time  our  experiments  in  this  direction  have  not  been  as  thor- 
ough as  we  desired. 

A  number  of  experiments  have  been  performed,  all  of  which  have  been  negative, 
and  were  carried  out  with  young  monkeys  and  guinea  pigs  in  the  following  manner: 
A  young  guinea  pig  with  parasites  in  its  blood  and  a  healthy  one  were  placed  in  a 
large  rnosquito-proof  cage  and  separated  from  each  other  by  a  coarse  wire  screen. 
Mosquitoes  were  then  placed  in  the  cage  in  large  numbers,  and  more  were  added 
when  necessary.     The  experiment  was  continued  for  a  month  without  results. 

Misquitoes  were  allowed  to  feed  upon  infected  blood  and  then  placed  in  a  large 
test  tube,  into  which  a  monkey's  arm  was  introduced  and  allowed  to  remain  for 
three  hours  at  a  time.  The  experiment  was  repeated  daily  for  a  week,  but  no  infec- 
tion occurred. 

The  mosquitoes  used  in  these  experiments  were  Anaphales,  Stigomya,  and  Culex. 
These  varieties  are  all  very  prevalent  in  Manila,  but  do  not  appear  to  disturb  domes- 
tic animals  greatly;  and  for  that  reason,  even  if  they  sometimes  carry  the  infection, 
as  is  likely,  they  deserve  only  secondary  consideration  in  discussing  the  spread  of 
surra  in  horses.  It  is  more  than  likely  that  the  large  gnats  found  in  swampy  places 
and  which  attack  large  animals  are  important  factors  in  the  transmission  of  trypano- 
somiasis. 

Lice. — These  little  pests  are  repeatedly  mentioned  in  literature  as  possible  agents 
in  the  transmission  of  the  different  forms  of  trypanosomiasis,  but,  so  far  as  we  have 
been  able  to  determine,  there  is  no  direct  evidence  furnished  that  such  is  the  case. 
It  certainly  appears  possible  that  the  disease  may  be  transmitted  by  lice,  especially 
in  the  case  of  animals,  such  as  rats  and  other  small  animals,  suffering  from  wounds; 
but,  as  far  as  the  larger  ones  are  concerned,  we  can  hardly  consider  these  insects  as 
a  practical  means  of  dissemination  for  the  disease.  We  have  repeatedly  performed 
experiments  on  monkeys,  dogs,  and  guinea  pigs  in  order  to  determine  this  point,  but 
so  far  they  have  failed  to  give  positive  results;  nor  have  we  been  able  to  find  Try- 
panosoma in  lice  caught  on  the  bodies  of  infected  animals. 

It  has  already  been  pointed  out  that  lice  are  very  numerous  on  rats  and  help  to 
cause  small  wounds  on  these  animals,  especially  around  the  ears.  They  are  also 
exceedingly  numerous  on  carabaos,  but  do  not  appear  to  produce  any  injury  to  these 
thick-skinned  animals. 
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Tich^, — As  in  the  case  of  lice,  ticks  have  been  blamed  by  a  number  of  writers  as 
agents  in  the  transmission  of  the  disease.  Voges  does  not  beheve  they  play  an 
important  role,  for  the  reason  that  a  tick  no  sooner  injures  tlie  skin  than  it  absorbs 
the  blood  of  the  surrounding  tissue  by  suction,  and  as  soon  as  this  is  accomjjlished 
falls  to  the  ground.  The  feedings  of  the  tick  are  so  far  apart  that  Trypanosoma 
would  not  likely  be  carried  by  them  from  one  animal  to  another.  This  logic  seems 
to  lis  to  be  very  satisfactory  and  has  been  accepted  without  experiment. 

Enormous  numbers  of  ticks  are  present  in  certain  sections  of  the  Philippines,  and 
if  they  were  agents  in  the  spread  of  the  disease  they  would  merit  very  careful 
consideration. 

Infection  through  open  skin  imunds. — From  what  has  already  been  said  in  discussing 
infection  through  the  injured  mucosa,  it  will  readily  be  seen  that  skin  w^ounds  are  a 
constant  source  of  danger  during  the  prevalence  of  the  disease.  Such  places  entice 
flies,  which  can  undoubtedly  infect  wounds  with  greater  ease  and  certainty  than 
they  can  uninjured  skin  surfaces.  With  the  presence  of  skin  lesions  there  are  many 
additional  possibilities  to  be  considered,  which  may  be  disregarded  in  dealing  witli 
sound  animals.  These  may  vary  somewhat  with  environment,  but  in  no  case  are 
they  of  frequent  occurrence.  Musgraveand  Williamsonmentionamongtheseagencies 
the  passing  of  currycombs,  brushes,  etc.,  over  wounds  on  sick  animals  and  then 
over  similar  places  on  healthy  ones. 

With  a  fuller  understanding  of  rat  infection  a  more  important  point  may  be  raised 
here.  This  has  not  been  actually  demonstrated,  but  wdth  the  knowdedge  already 
j)osse8sed  of  the  transmission  of  the  disease  by  fleas,  open  sores  on  the  lower  extremi- 
ties would  be  subject  to  infection  by  these  insects,  and  in  this  way  it  would  not  be 
surprising  to  find  them  playing  an  important  part  in  transmission,  especially  in  a 
country  like  this,  where  minor  injuries  to  horses'  legs  are  so  common  and  fleas  so 
numerous. 

Miscellaneous. — Lingard  has  brought  out  the  point  that  the  disease  may  accidently 
be  transferred  by  birds  picking  sores  on  infected  animals  and  following  this  on  non- 
infecte^d  ones. 

Railways  have  been  mentioned  as  factors  in  the  transmission  of  trypanosomiasis, 
and  when  they  become  more  numerous  in  some  of  the  infected  zones  they  will  no 
doubt  play  an  important  part  in  the  spread  of  the  infection,  since  they  make  possi- 
ble a  more  rapid  distribution  of  animals  and  also  a  greater  dissemination  of  flies. 
However,  as  a  means  of  transmission  dt^serving  consideration  from  a  practical  point 
of  view  in  the  Philippines,  the  possibility  is  very  remote.- 

Theiler  l)elieves  that  in  South  Africa  the  propagation  of  the  disease  to  a  limited 
extent  is  influenced  by  the  immunization  of  cattle  against  rinderpest  with  defibri- 
nated  blood.  In  Manila  we  have  had  a  striking  example  of  this  possibility.  Doctor 
Jobling,  director  of  the  serum  laboratory,  received  from  Java  a  number  of  cattle 
for  serum  w^ork.  One  of  these  developed  rinderpest  and  was  bled  to  death,  the  blood 
ol)tained  being  used  on  four  serum  animals,  three  of  w^hich  promptly  developed  surra 
and,  of  course,  became  useless  for  serum  purposes.  The  infection  in  these  cases 
undoubtedly  came  from  the  Java  cow  and  illustrates  too  well  what,  as  suggested  by 
Theiler,  no  doubt  frequently  happens. 

In  following  the  discussion  of  the  modes  of  transmission  and  infection  it  is  seen 
that 'but  few  of  the  headings  which  have  been  chosen  really  have  any  practical  sig- 
niflcance;  and  we  may  well  close  this  part  of  the  subject  with  the  statement,  already 
emphasized,  that  trypanosomiasis  is  essentially  a  wound  disease  and  that  infection 
takes  place  when  materies  morbi  are  brought  in  contact  with  an  injured  surface  and 
in  no  other  way.  The  most  common  agents  in  bringing  this  condition  about  are 
biting  and  stinging  insects,  and  of  these  certain  flies  and  to  a  less  extent  fleas  are  the 
most  important. 

The  manner  of  perpetuation.— -The  manner  of  perpetuation  of  a  disease  of  this  kind 
is  interesting,  since  it  has  a  practical  bearing  upon  methods  for  its  control.  The 
eradication  of  the  disease  may  with  propriety  be  discussed  at  this  point. 

Musgrave  and  AVilliamson  in  a  preliminary  report,  referring  to  this  question,  say: 

"The  manner  of  perpetuation  of  an  epidemic  of  trypanosomiasis  in  any  country  is 
a  very  important  point  in  considering  the  prevention  and  eradication  of  the  disease. 

"  By  the  very  nature  of  parasites  and  of  parasitic  diseases  in  general,  w^e  know  that 
unless  the  disease  is  continuous  the  parasite  must  have  a  natural  host,  or  there  must 
be  a  stage  in  its  Hfe  cycle  in  which  it  can  exist  for  an  indefinite  period  outside  the 
living  body;  otherwise  the  infection  will  disappear. 

''Many  of  the  large  tsetse  fly  areas  are  absolutely  destitute  of  domestic  animals 
and  probably  some  of  them  have  never  had  one  within  their  borders,  and  yet  the 
flies  in  these  districts  are  capable  of  infecting  domestic  animals.  As  it  has  been  quite 
con(^lnsivel}r  shown  that  the  fly  is  not  capable  of  carrying  the  infection  at  most  but  a 
short  time  it  necessarily  means  that  there  is  a  source  of  infection  from  which  the 
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flies  are  supplied,  and  the  natural  inference  would  be  that  the  native  source  of  infec- 
tion is  the  wild  animals  in  wliich  the  country  abounds.  It  has  already  been  shown 
that  some  of  these  animals  are  susceptible  to  the  disease  and  that  others  harbor  the 
parasites  with  little  or  no  inconvenience.  It  is  very  probable  that,  were  inoculation 
methods  instead  of  microscopic  blood  examinations  used  for  diagnostic  purposes,  a 
nmch  larger  pert^entage  of  these  wild  animals  would  be  found  infected  than  has 
generally  been  supposed. 

''Conditions  in  certain  sections  of  South  America  are  very  much  like  those  in 
Africa,  and  the  indications  are  that  the  epidemic  is  perpetuated  there  in  the  same 
manner. 

"In  India  some  observers  claim  that  the  cow  acts  as  a  host  for  the  parasites  over 
the  long  dry  period  in  which  there  are  not  enough  cases  in  horses  to  continue  the 
infection.  The  probabilities  are  that  a  number  of  wild  animals  which  exist  in  at 
least  certain  districts  of  India  aid  in  this  continuation.  It  is  claimed  that  in  certain 
sections  of  the  country  there  are  two  varieties  of  animals  which  live  in  the  bush,  are 
susceptible  to  rinderpest  and  foot  and  mouth  disease,  but  are  not  known  to  have 
'surra,'  thougli  they  are  in  infected  areas.  At  certain  seasons  the  flies  are  so 
numerous  that  these  animals  seek  the  open  for  protection  from  them.  It  would  be 
interesting  to  test  the  blood  of  these  animals  by  inoculation  to  see  whether  or  not  they 
are  free  from  trypanosomiasis.  In  India  camels  also  may  play  an  important  part  in 
carrying  the  infection  from  one  fly  season  to  the  next,  as  it  is  stated  that  these  ani- 
mals may  li\e  as  long  as  three  years  after  infection. 

"From  the  foregoing,  and  if  the  disease  continues  to  spread,  it  is  evident  that  the 
wild  animals  of  this  country  must  be  considered  in  dealing  with  the  epidemic.  If  a 
certain  portion  of  them  are  not  already  infected,  it  is  only  a  question  of  time  until 
they  will  be,  and  another  diflicult  point  in  the  solution  of  the  problem  will  thus  be 
produced. 

"  The  part  that  rats  play  in  perpetuating  an  epidemic  has  not  yet  been  fully  deter- 
mined, but  the  fact  that  at  this  time,  in  the  middle  of  the  dry  season,  a  considerable 
number  of  these  animals  are  found  to  be  infected,  and  with  the  knowledge  before 
us  that  the  infection  may  be  transmitted  from  one  rat  to  anotlier  by  fleas,  which  are 
numerous  on  rats  at  all  seasons  of  the  year,  makes  it  probable  that  these  animals 
play  a  very  important  part  in  perpetuating  the  infection  in  the  Philippine  Islands 
and  in  other  countries. 

"However,  so  far  as  the  city  of  Manila  is  concerntxl,  it  does  not  appe^ar  necessary 
to  leave  the  horse  family  to  discover  how  the  infection  is  perpetuated.  Now,  even 
during  the  dry  season,  one  can,  almost  daily,  see  a  horse,  sick  with  surra,  driven  along 
the  streets;  and  biting  fliee,  although  not  by  any  means  as  numerous  as  during  the 
wet  season,  are  still  plentiful  enough  to  continue  the  infection. 

"The  existence  of  an  extra-corporeal  stage  of  the  Trypanosoma,  living  on  grass 
and  in  water  in  marshy  places,  in  this  stage  taken  into  the  stomacli  of  susceptible 
animals  eating  and  drinking  in  these  localities,  and  from  this  organ  or  other  part  of 
the  animal  economy  passing  into  the  blood  in  the  forms  we  recognize,  is  without 
suftieient  evidence  to  warrant  consideration  in  this  paper. 

"Before  leaving  this  subject,  however,  fora  fuller  discussion  in  a  subsequent  paper, 
it  is  proper  to  state  that  the  Trypaiiosoma  quickly  die  under  all  tried  environments 
outside  the  body  of  some  living  creature,  and  no  evidence  of  their  existence  in  water, 
on  grass,  or  other  similar  places  can  be  advanced.  Both  water  and  grass  have  been 
inoculated  with  large  numbers  of  Trypanosoma  and  have  failed  to  convey  the  disease, 
after  days,  weeks,  or  months,  when  fed  to  susceptible  animals,  and  also  when  injected 
under  the  skin.*' 

Since  writing  the  above,  much  information  has  been  obtained  with  regard  to  the 
part  rats  play  in  the  spread  of  the  disease,  and  the  evidence  makes  it  important  that 
these  pests  be  taken  into  account  in  discussing  the  perpetuation  of  trypanosomiasis. 

It  is  not  believed  that  the  rats  of  Manila  were  infected  previously  to  the  advent  of 
surra,  and  this  is  supported  by  the  evidence  obtained  by  an  examination  of  rats  tuken 
from  zones  free  from  the  disease. 

Surra  beyond  question  is  transferred  from  rat  to  rat,  so  that  these  animals  soon 
become  important  factors  in  its  perpetuation  in  certain  zones.  In  Manila  the  annual 
destruction  of  thousands  of  rats  with  the  purpose  of  preventing  the  spread  of  plague 
will  also  have  a  beneficial  effect  in  limiting  one  agent  in  the  transmission  and  per- 
petuation of  surra. 

GENERAL   PATHOLOGIC   ANATOMY. 

Generally  speaking,  writers  have  been  very  brief  in  their  description  of  the  ana- 
tomical lesions  of  the  different  forms  of  trypanosomiasis,  the  majority  agreeing  that 
they  are  not  constant  or  pathognomonic.     Some,  however,  have  held  different  views. 
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and  have  given  excellent  descriptions  of  their  post-mortem  findings,  particularly 
Voges,  and  Sivori,  and  Lecler. 

Laveran  and  Mesnil  sav  that  "nagana  is  certainly  one  of  the  diseases  in  wliich, 
at  the  autopsies  of  aninials  dead  from  the  disease,  there  are  slight  lesions.  Nearly 
all  authors  agree  in  giving  as  a  constant  lesion  hypertrophy  of  the  spleen*  At  the 
autopsy  of  one  horse  lesions  of  the  internal  organs  were  insignificant." 

Voges  states  tliat  in  nial  de  caderas  post-mortem  examinations  show  oedema  and 
roughened  hair,  just  as  they  are  present  during  life.  The  skin  is  removed  wdth  diffi- 
culty, and  when  taken  off  a  very  dry  flesh  similar  to  that  seen  in  cholera  is  observed. 
Cloudy  serous  fluids  are  usually  found  in  the  serous  cavities,  especially  of  the  chest, 
which  may  contain  several  liters.  There  are  fibrous  layers  on  the  pleura  and  other 
serous  surfaces,  especially  marked  on  the  abdominal  organs.  The  subpleural  lym- 
phatic glands  are  often  enlarged.  The  spleen  is  enormously  enlarged,  sometilnes 
hard  and  firm,  and  in  other  cases  soft  and  friable.  The  follicules  are  often  increased 
in  size  until  they  resemble  grains  of  sago.  The  liver  is  enlarged.  The  kidneys  are 
pale,  and  sometimes  enlarged;  the  lymphatics  are  slightly  so.  Fluids  are  often  found 
in  the  larger  socket  joints. 

Schilling,  writing  of  surra  in  Africa,  says  that  post-mortem  examinations  show 
marked  anaemia,  especially  of  the  lungs,  and  numerous,, discrete,  dark-red,  subpleural 
spots;  enlarged,  soft  spleen;  enlarged  follicles,  and  slight  swelling  and  softness  of  the 
lymphatics  of  the  neck,  which  (Mjntains  a  small  amount  of  yellowish,  opaque  fluid. 
No  special  changes  are  observed  in  the  liver  and  kidneys. 

Sivori  and  Le(tler,  writing  of  "surra  americain,"  state  that  the  adipose  tissue  is 
re])laced  by  a  gelatinous  mass.  The  nuiscles  have  a  rose  tinge,  but  are  pale  and  in 
paretic  eases  may  atrophy.  Citrin-colored  fluid  is  present  in  the  peritoneal  cavity. 
The  liver  shows  some  increase  in  consistency  and  is  darker  in  color.  The  spleen  is 
enlarged  and  the  glomerules  are  prominent  and  red;  in  the  paraplegic  form  it  is 
greatly  increascnl  in  size  and  the  lesions  intensified,  sometimes  producing  acute 
splenic  tumor.  There  is  enlargement  of  the  Malpighian  corpuscles,  which  are  often 
so  increased  in  volume  as  to  stand  out  in  relief  on  the  surface.  The  bladder  con- 
tains pale  urine,  which  may  show  tracea  of  albumen  with  or  without  blood  or  bil- 
iary pigments.  The  pleural  cavity  sometimes  shows  a  small  amount  of  exudate.  The 
lungs  niay  be  normal  or  a^dematous  and  in  i>laces  congested.  The  pericardial  cavity 
contains  a  yellowish  serous  fluid.  The  myocardium  is  pale  and  friable.  The  cardiac 
fat  shows  the  same  gelatinous  changes  as  those  of  the  subcutaneous  tissues,  and  may 
show  ecchymoses.  The  endocardium,  parti cularily  the  left,  has  subserous  punctate 
hemorrhages.  The  brain  shows  only  an  increased  amoimt  of  subarachnoid  fluid. 
Sections  of  the  spinal  cord  usually  show  no  lesions,  but  there  may  be  small  hemor- 
rhages in  the  gray  matter.  These  authors  do  not  consider  all  the  lesions  attributable 
to  Trypanosoma,  some  of  them  being  due  to  secondary  infection.  They  do  not 
believe  Trypanosoma  destroy  the  red  blood  cells  mechanically,  but  think  they  are 
destroyed  by  mononuclear  macrophages.  The  mode  of  production  of  oedema,  they 
:say,  is  unknow^n. 

Bru('e  mentions  as  the  anatomic  lesions  in  nagana  a  gelatinous  atrophy  of  the  sub- 
cutaneous tissues,  subserous  and  subcutaneous  ecchymoses,  and  enlargement  of  the 
;spleen. 

Weber  and  Nocard,  writing  of  dourine,  say  that  the  section  shows  cachexia  and 
hemorrhagic  softening  of  tlie  spinal  marrow^  The  parasites  found  in  these  areas 
and  in  the  serous  effusions  resemble  those  of  surra,  nagana,  etc. 

Kanthuck,  Durham,  and  Blandford  give  as  marked  lesions  enlarged  lymph  glands, 
esixicially  around  the  inoculated  wound,  hypertrophy  of  the  spleen  and  liver,  and 
often  fatty  degeneration  of  the  latter.  Iron  reaction  is  obtained  with  the  liver,  the 
spleen,  and  the  kidneys. 

Curry  gives  as  tlie  principal  anatomic  lesions  marked  pernicious  and  progressive 
anicmia,  general  subserous  trdema,  especially  of  the  belly,  sheath,  and  legs,  moderate 
glandular  enlargement,  frequently  broncho-pneumonia  and  bronchitis;  and  often 
profuse  muco-purulent  nasal  discharges,  with  marked  glandular  enlargement,  par- 
ticularly of  the  submaxillary  glands. 

In  our  experience  necropsies  have  revealed  anatomic  pictures  rarely  as  character- 
istic in  the  chronic  diseases  peculiar  to  man.  The  antemortem  lesions,  provided  the 
necropsy  is  made  shortly  after  death,  are  still  present.  The  body  is  emaciated,  and 
the  bands  of  oedema,  so  prominent  during  life,  may  still  be  seen.  A  small  amount  of 
yellowish-tinged,  gelatinous  mucoid  substance  is  found  in  the  inner  canthi  of  the 
-eyes  and  even  in  the  nostrils.  The  hair  is  roughened  and  often  scant,  leaving  a 
rscrawny,  roughened  epidermis.  The  mucous  membranes  are  pale  and  dry  looking 
:and  often  show  a  yellowish  tinge.  The  liide,  as  pointed  out  by  Voges,  is  removed 
.only  with  great  difliculty,  except  in  areas  of  subcutaneous  infiltration,  and  when 
removed  exposes  the  dry,  hard,  pale  subcutaneous  tissues.     In  the  regions  corre- 
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spouding  to  the  axlema  during  life  are  found  yellowish-tinged,  gelatinous  infiltra- 
tions, which  are  of  a  similar  consistency.  A  like  condition  is  found  throughout  the 
hody  in  the  regions  where  adipose  or  areolar  tissues  are  located,  and  especially  is 
this  true  of  the  fat  around  the  heart  and  the  subperitoneal  tissues.  The  muscles  are 
pale,  wasted,  coarse,  and  granular  looking.  Tiie  serous  surfaces,  particularly  the 
peritoneum  and  the  pleura,  often  show  flakes  of  plastic  fibrous  material.  These  are 
particularly  numerous  over  the  surface  of  the  liver  and  sometimes  in  the  spleen. 
All  the  tissues  and  organs  have  a  peculiar  dry,  pale  appearance,  which  has  been  so 
aptly  compared  by  Voges  to  their  condition  in  cholera.  There  are  numerous  sub- 
serous hemorrhages,  particularly  on  the  right  side  of  the  heart  and  over  the  lower 
X^ortions  of  the  lungs.  The  lymphatics  are  m  general  somewhat  enlarged,  and  often 
markedly  so;  and  in  a  certain  percentage  of  cases  areas  of  broncho-pneumonia  are 
present.  The  heart  muscle  shows  parenchymatous  changes,  depending  somewhat  on 
the  duration  of  the  disease.  Its  chambers  usually  contain  chicken-fat  clote,  which 
often  extend  for  a  foot  or  more  into  the  aorta.  The  appearance  of  the  spleen  varies 
somewhat,  but  in  the  majority  of  cases  it  is  ccmsiderably  enlarged,  friable,  and  some- 
w^hat  soft.  The  surface  is  uneven,  due  to  the  enormously  swollen  corpuscles,  which 
stand  out  prominently  on  the  surface.  On  section  a  typical  sago  si>leen  is  often  seen, 
while  in  other  cases  a  typical  acute  splenic  tumor,  such  as  is  present  in  infectious  dis- 
eases of  man.  In  a  few  cases  the  spleen  is  but  slightly  swollen,  but  the  dotted 
appearance,  due  to  the  swelling  of  the  corpuscles,  is  a  constant  lesion  and  gives  to 
this  organ,  regardless  of  its  size,  a  most  cliaracteristic  picture. 

The  liver  is  usually  somewhat  enlarged,  pale,  and  cloudy.  The  intestine  shows 
lesions  due  to  anjcmia,  with  now  and  then  small  ulcerations  in  the  upper  portion  and 
sometimes  in  the  ciecum.  The  aqueous  humor  is  often  cloudy  and  contains  Trypano- 
soma. The  urticarial  eruption  observed  during  life  is  no  longer  evident.  In  some 
of  the  lower  animals  the  scrotum,  and  even  the  testicle  in  the  male  and  the  vulva  in 
the  female,  is  greatly  enlarged,  and  in  the  male  rabbit  the  tension  may  be  so  great 
as  to  rupture  the  scrotum.     Small  prepucial  or  labial  ulcers  are  not  uncommon. 

GENERAL   REMARKS   ON    SYMT>TOMATOLOGY. 

Before  proceeding  to  the  study  of  trypanosomiasis  in  the  various  animals,  it  might 
be  well  to  make  a  few  remarks  on  the  symptomatology  of  tlie  disease. 

There  is  considerable  variation  in  the  clinical  picture  of  surra  in  the  same  class  of 
animals,  even  when  the  infecting  parasites  are  known  to  be  the  same,  and  it  is  there- 
fore not  surprising  that  variations  should  exist  in  different  species.  In  reviewing 
the  literature  relating  to  dourine,  nagana,  surra,  and  mal  de  caderas,  one  is  struck 
with  the  great  similarity  in  the  descriptions  of  the  so-called  different  diseases.  A 
comparison  of  the  descriptions  of  any  one  of  them,  as  given  by  different  writers,  shows 
as  great  a  divergence  as  may  be  found  with  those  of  tlie  diseases  acknowledged  to  be 
difierent.  In  all  of  them,  however,  there  are  a  number  of  practically  constant  char- 
acteristic symptoms  in  the  well-established  infection  such  as  to  make,  when  taken 
together,  a  clinical  picture  easy  to  determine  accurately,  even  without  the  aid  of  the 
microscope. 

After  an  incubation  period,  which  varies  in  the  same  class  of  animals  and  in  those 
of  different  species  as  well  as  with  the  conditions  of  infection,  and  during  which  the 
animal  remains  perfectly  well,  the  first  symptom  to  be  noticed  is  a  rise  of  tempera- 
ture, and  for  some  days  a  remittent  or  intermittent  fever  may  be  the  only  evidence 
of  illness.  Later  on  the  animal  becomes  somewhat  stupid;  watery,  catarrhal  dis- 
charges from  the  nose  and  eyes  appear;  the  hair  becomes  somewhat  roughened  and 
falls  out  in  places.  Finally  the  catarrhal  discharges  become  more  profuse  and  the 
secretion  more  tenacious  and  even  purulent;  marked  emaciation  develops;  (edema  of 
the  genitals  and  dependent  parts  appears;  a  staggering  gait,  p^-rticularly  of  the  hind 
parts,  comes  on  and  is  followed  by  death. 

Voges  divides  the  symptoms  of  mal  de  caderas  into  two  stages,  as  follows:  On  the 
fourth  or  fifth  day  after  inoculation  the  temperature  rises  rapidly,  sometimes  to  40° 
or  41°  C,  and  then  suddenly  falls  to  normal  or  nearly  so,  usually  on  the  second  day. 
Within  five  days  there  is  another  rapid  rise,  reaching  40°  C,  followed  by  another 
sudden  fall.  These  reactions  may  be  repeated  from  2  to  8  times  during  the 
course  of  the  disease.  This  is  called  by  Voges  the  first  stage.  During  this  period 
the  appetite  is  good  and  there  is  no  emaciation.  The  thirst  is  increased.  The  feces  ^ 
are  normal,  but  in  rare  instances  may  show  a  little  clotted  blood.  Transient  hemo- 
globinuria. The  reflexes  are  normal.  The  coat  is  smooth,  and  the  hearing  and  sight 
normal.     Toward  the  end  of  this  stage  weakness  becomes  noticeable. 

In  the  second  stage  the  fever  becomes  less  intermittent  and  exacerbations  to  40°  C. 
or  over  are  exceptional.  The  remissions  are  also  less  marked.  The  animal  becomes 
inactive  and  sluggish  and  allows  the  head  to  drop  carelessly.     Progressive  emacia- 
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tion  takes  plac6.  Great  thirst.  Progressive  weakening.  GEdema,  particularly  of 
the  hind  legs,  belly,  and  scrotum.  The  hair  loses  its  gloss.  Decreased  sensibilities. 
Digestion  and  respiration  remain  good.  The  gait  becomes  staggering  and  finally 
causes  the  animal  to  fall  over.  Some  animals  die  suddenly  during  the  later  stages  of 
the  disease.  Just  before  death  the  temperature  variations  usuajly  become  greater, 
vacillating  between  34°  and  39°  C. ;  and  death  generally  occurs  when  the  tempera- 
ture is  low. 

The  fever  is  not  continuous  or  characteristic  in  any  of  these  diseases.  It  may  be 
intermittent,  remittent,  or,  according  to  some  writers,  relapsing  in  character,  varying 
from  39°  to  41.6°  0.    It  is  nearly  always  higher  in  the  afternoons. 

In  describing  the  epidemic  of  surra,  which  visited  Java  in  1900,  Schat  gives  among 
the  symptoms  of  the  disease  some  which  are  remarkable  in  that  thej^  differ  radically 
in  manv  respects  from  those  described  by  other  observers.  In  reading  his  work  one 
is  struct  by  the  fact  that  they  form  a  very  clear  description  of  rinderpest  in  carabao. 
He  found  Tiypanosoma^  however,  and  it  would  appear  to  us  that  he  was  working 
with  a  combination  of  the  two  diseases. 

A  great  deal  of  work  has  been  done  by  various  writers  to  demonstrate  the  relation 
of  the  temperature  to  the  number  of  parasites  in  the  circulating  blood,  some  main- 
taining that  these  are  numerous  in  proportion  to  the  temperature  and  others  show- 
ing that  no  relation  whatever  can  be  determined.  Kanthuck,  Durham,  and  Bland- 
ford  say  that  the  parasites  appear  in  the  blood  early  in  the  disease  and  continue  to 
increase  until  death.  The  counts  vary  and  may  reach  2,000,000  to  3,000,000  per 
cubic  millimet^.  The  parasites  appear  to  multiply  first  in  the  lymphatic  glands 
around  the  point  of  inoculation  and  then  to  enter  the  blood,  a  fact  which  they  believe 
explains  the  short  latent  period  during  which,  after  inoculation,  they  can  not  be  found 
in  the  blood.    Multiplication  occurs  also  in  the  infected  area. 

During  the  incubation  period  parasites  are  not  found  in  the  blood  by  misroscopic 
examination.  This  has  been  explained  in  various  ways.  Voges  considers  this  to  be 
because  of  their  rarity,  while  others  maintain  that  a  stage  of  multiplication  goes  on 
in  the  lymphatics.  A  few  conclusive  ex^riments  by  animal  inoculation,  however, 
have  shown  that  the  circulating  blood  is  infectious  for  one,  two,  or  even  several  days 
before  parasites  are  found  by  microscopic  examination  to  be  present,  which  would 
seem  to  indicate,  as  has  been  suggested,  that  they  exist  in  the  blood  in  small  num- 
bers during  at  least  a  portion  of  the  time. 

The  periodical  disappearance  of  the  parasites  from  the  circulating  blood  for  vary- 
ing lengths  of  time  diuring  the  course  of  the  disease  has  not  been  satisfactorily 
explained.  All  kinds  of  conjectures  have  been  offered,  with  but  little  evidence  to 
support  them.  Voges*  s  idea  regarding  this  seems  to  us  to  be  the  most  plausible.  He 
states  that  the  i)arasites  are  numerous  during  the  first  few  days  after  the  rise  in  tem- 
perature, following  which  they  mysteriously  disappear;  and  this  appearance  and  dis- 
appearance mayitake  place  a  number  of  times  during  the  course  of  the  disease.  He 
considers  it  due  to  a  certain  amount  of  immunity  which  is  acquired  by  all  animals 
in  the  early  sta^s,  and  which  may  be  repeated  a  number  of  times  before  the  animal 
becomes  too  weakened.  This  view  is  advanced  in  preference  to  the  opinion  that  the 
temperature  plays  any  i)art  in  this  phenomenon.  In  the  lat^r  stages  of  the  disease 
parasites  may  be  found  in  the  blood  in  larger  numbers  and  with  a  higher  tempera- 
ture than  at  any  time  previously. 

Another  symptom  in  this  disease,  difficult  of  explanation,  is  the  anaemia,  which  is 
progressive  from  the  first.  It  has  been  explained  that  the  parasites  mechanically 
destroy  the  red  blood  cells  and  interfere  with  their  manufacture  in  the  bone  marrow, 
and  finally,  that  on  account  of  certain  changes  produced  in  the  blood  by  the  parasites, 
the  red  blood  cells  are  taken  up  by  the  large  mononuclear  macrophages.  A  number 
of  less  important  explanations  have  been  given.  According  to  Voges,  anaemia  is  a 
constant,  prominent  symptom;  and  10,000,000,  the  normal  number  of  red  blood  cells 
in  the  horse,  may  be  reduced  to  4,000,000,  3,000,000,  and  even  800,000  in  some  cases 
before  death.  The  sedimentation  ring  of  leucocytes  is  increased  and  may  be  larger 
than  that  of  the  red  blood  cells.  The  hemoglobin  is  decreased  in  proportion  to  the 
diminution  in  the  number  of  red  blood  cells;  from  the  normal  of  13.1  per  cent  it  may 
fall  to  3  or  4  per  cent. 

Several  observers  have  spoken  of  the  mechanical  destruction  of  red  blood  cells  by 
the  parasites.  Voges  saw  Trypanosoma  hold  erythrocytes  against  the  body  by  their 
fixed  ends  until  the  cells  disappeared.  Orookshank,  on  the  other  hand,  was  unable 
to  satisfy  himself  that  they  attack  the  red  blood  cells. 

Laveran  and  Mesnil  do  not  consider  ansemia  sufficient  to  account  for  the  death  of 
animals.    They  say  that  the  manner  in  which  the  parasites  act  is  still  unknown. 

There  is  certainly  something  very  curious  about  the  presence  of  anaemia  in  this 
disease  and  in  the  action  of  the  jparasites  in  producing  it,  as  well  as  bringing  about 
death.    The  mechanical  destruction  of  the  red  blood  cells  is  not  of  the  importance 


458  KEPORT    OF    THP]    PHILIPPINE    COMMISSION. 

many  writers  attach  to  it.  It  seems  to  us  that  there  is  some  factor  in  addition  to 
mechanical  action,  which  causes  such  profound  changes,  and  strong  evidence  in 
favor  of  tliis  is  found  in  the  peculiarity  of  the  gelatinous  deposits.  The  parasites 
appear  in  some  manner  to  produce,  or  cause  some  part  of  the  animal  economy  to 
liberate,  this  peculiar  substance,  which  is  not  a  simple  infiltration  of  fatty  tissue,  l)ut 
is  of  a  different  character.  The  deposit  undoubtedly  is  formed  gradually,  as  is 
inferred  from  the  slow  change  in  the  secretions.  The  discharges  from  the  nose  and 
eyes,  at  first  watery,  graduallj^  take  on  the  same  character,  and  before  death  bec^ome 
very  tenacious  and  solidified  m  the  nose  and  corners  of  the  eyes. 

Referring  to  the  action  of  Trypanosoma  in  the  animal  economy  Laveran  and  Mesnil 
state : 

"Evidently,  in  the  presence  of  an  infection  so  intense  as  that  which  is  shown  at 
the  moment  of  death  of  rats,  mice,  and  other  animals,  the  mechanical  action  of  sucli 
a  number  of  parasites  is  to  be  considered.  This  alone,  however,  in  our  opinion  does 
not  suftice  to  explain  the  cause  of  death.  Rats  infected  with  2V.  levnsil  may  liave  a 
great  number  of^  parasites  and  yet  feel  no  inconvenience.  In  certain  attempts  at 
treatment,  of  which  we  shall  speak  later,  a  rat  has  had  for  more  than  fifteen  days  as 
many  parasites  in  the  blood  as  red  cells. 

'H)ne  is  led  to  think  of  a  toxic  action  of  the  parasites  and  of  the  intervention  of 
the  soluble  i)roducts  excreted  by  them.  The  observations  of  tlie  course  of  the  dis- 
ease in  rabbits,  guinea  pigs,  and  cows,  in  w^hich  the  parasites  are  not  so  largt^  as  in 
other  animals,  even  at  the  time  of  death,  and  the  profound  dejection  of  Certain 
animals  when  infected,  as  the  ass,  plainly  corroborate  this  view." 

Strong  reported:  "Large  amounts  of  blood  taken  from  monkeys  suffering  with 
experimentally  i>roduced  trypanosomiasis  of  severe  type  were  passed  tlirough  a 
Berkefeld  filter  and  the  filtrate  injected  into  other  monkeys.  No  symptoms  of 
trypanosomiasis  were  produced.  Large  celloiden  capsules  containing  blood  with 
many  parasites  were  placed  in  the  abdominal  cavities  of  sheep,  but  the  results  were 
also  negative." 

All  attemps  to  isolate  a  toxin  have  proved  futile.  It  does  not  seem  to  us  that  a 
toxin  can  enter  into  consideration;  but,  as  has  already  been  said,  the  character  of 
the  action  whicli  results  in  the  formation  of  the  peculiar  gelatinous  deposits  will 
probably  lead  to  a  solution  of  the  problem. 

Voges  believes  that  in  mal  de  caderas  death  usually  results  from  a  gradually  pro- 
gressive heart  failure,  and  in  some  cases  occurs  suddenly  from  the  same  cause.  He 
says  that  death  usually  comes  on  with  a  fall  of  the  temperature,  rarely  at  its  height. 

This  statement  is  true,  but  does  not  go  far  enough ;  an  explanation  of  the  cause  of 
heart  failure  is  what  is  desired.  The  condition  described  above  may  offer  some 
solution,  in  that  the  gelatinous  deposits  are  often  abundant  around  the  heart,  and  a 
microscopic  tissue  shows  that  a  similar  condition  is  present  in  the  myocardium. 

Tlie  incubation  period  of  the  disease  in  different  animals  has  an  important  bearing 
upon  the  application  of  methods  for  the^  control  of  epidemics.  It  will  be  discussed 
in  detail  as  the  study  of  the  disease  in  different  animals  is  taken  up.  The  evidence 
of  previous  workers  and  our  own  observations  show  that  it  varies  with  the  manner 
of  inoculation  as  well  as  with  other  conditions. 

Jn  all  the  forms  of  trypanosomiasis  the  infection  seems  to  involve  particularly  the 
genitalia,  the  skin,  and  the  organs  of  special  sense.  The  skin  symptoms  consist  in 
a  roughening  of  the  hair,  which  also  falls  out  in  places,  a  thickening  of  the  epider- 
mis, often  with  exfoliation,  and  in  some  stages  of  the  disease  various  skin  eruptions. 
These  may  be  simple  erythema,  and  more  rarely  they  may  assume  the  severer  forms, 
as  urti(mria,  or  in  extreme  cases  a  distinct  localized  ulceration  may  occur.  The 
scrotum  and  penis  in  the  male  and  the  vulva  in  the  female  are  often  swollf^n,  and 
ulcerations  of  the  penis  or  vulva  are  frequent  symptoms,  especially  in  dourine. 

TRYPANOSOMIASIS  OF  HORSES. 

We  shall  begin  the  discussion  of  trypanosomiasis  in  the  different  species  of  animal 
with  that  of  the  horse,  which,  from  an  economic  standpoint,  is  the  most  important 
animal  naturally  susceptible  to  the  disease  in  the  Philippine  Islands. 

Most  of  the  writings  relating  to  trypanosomiasis  deal  particularly  with  the  infection 
in  equines,  and  as  a  consequence  literature  is  rich  in  descriptions  which  in  many 
points  can  not  be  improved  upon.  It  is  our  intention  briefly  to  review  the  most 
important  writings  on  surra,  nagana,  dourine,  and  mal  de  caderas  in  each  species  of 
animal,  following  this  with  our  own  observations,  and  finally,  when  through  with 
the  species  discussed,  to  devote  a  chapter  to  the  discussion  of  the  individuality  of 
these  diseases.. 

Surra,  according  to  Lingard,  manifests  itself,  after  a  period  of  incubation,  in  fever, 
a  stumbling  gait,  and  general  or  lo(;alized  eruptions,  with  the  presence  of  Trypanosoma 
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in  tlie  blood.  A  period  of  apyrexia  may  here  supervene,  lasting  for  a  day  or  so, 
during  which  the  animal  appears  better.  These  apyrexial  periods  may  occur  a 
number  of  times  during  the  course  of  the  disease.  In  every  instance,  however,  they 
are  followed  by  a  fever,  usually  from  38.7°  to  40°  C,  thirst,  slight  loss  of  appetite, 
ecchymoses  of  the  conjunctivae,  with  increased  lachrymation,  and  mucous  discharge 
f  rom"^  the  nostrils.  The  submaxillary  glands  may  be  enlarged,  and  cxidema  beginning 
on  t[ie  legs  or  sheath  may  develop.  Emaciation  is  rapid  and  progressive.  With  each 
exacerbation  of  fever  the  other  symptoms  become  intensified  and  the  animal  is  made 
weaker.  The  oedema  spreads,  the  mucous  surfaces  become  very  pale  and  tinged  with 
yellow,  and  the  respiration  is  quickened.  The  appetite  remains  good.  Toward  the 
end  paresis  of  the  hind  quarters  becomes  noticeable.  Paralysis  of  the  sphincter  ani 
is  fre(|uent.  Shortly  before  the  end  the  heart's  action  in  many  cases  becomes  violent, 
and  death  may  result  suddenly  from  heart  failure.  When  this  does  not  occur,  the 
animal  final iv  falls  to  the  ground  and  dies  from  exhaustion. 

Nagana  is  carefully  described  by  Bruce,  who  gives  as  the  principal  symptoms, 
%ver  of  a  remittent  or  intermittent  type;  catarrhal  secretions  from  the  nose  and  eyes; 
staring  of  tlie  coat;  and  cedema  of  the  abdominal  region,  the  prepuce,  and  the  poste- 
rior extremities.  The  animal  becomes  markedly  emaciated  and  has  a  dejected 
appearance,  the  head  hangs,  the  hair  becomes  very  rough  and  in  places  falls  out,  the 
mucous  membranes  of  the  eyes  and  genitals  become  very  pale,  and  there  is  generally 
a  sliglit  opacity  of  the  cornea.  Just  before  death  the  animal  falls  to  the  ground  and 
dies,  apparentlv  without  suffering. 

Kanthuck,  liurham,  and  Blanford  inoculated  two  horses,  one  of  which,  a  well-fed 
Russian  cart  horse,  lived  seven  weeks,  and  the  other  eight  days.  Wasting  was  very 
conspicuous.  The  period  of  incubation  was  followed  by  a  smart  rise  in  temperature 
and  by  the  appearance  of  parasites  in  the  circulating  blood.  A  sudden  rise  of  tem- 
perature immediately  followed  each  increase  in  the  number  of  parasites  in  the  blood. 
At  the  time  of  deatli  there  was  marked  fever. 

Laveran  and  Mesnil  report  two  cases,  as  follows:  The  first  symptoms  were  the 
appearance  of  parasites  in  the  blood,  and  fever.  One  of  the  horses,  which  was  not 
in  a  good  condition  at  the  time  of  inoculation,  died  in  sixteen  days;  the  other 
in  forty-three  days.  With  one  or  two  exceptions  parasites  were  always  found  in  tiie 
bl(X)d  l)y  microscopic  examination.  The  red  blood  cells  gradually  diminished  and 
at  death  were  reduced  to  half  their  original  number,  or  even  less.  JParasites  appeared 
in  the  blood  in  less  than  four  days  after  subcutaneous  inoculation,  and  their  appear- 
ance was  coincident  with  the  first  rise  in  temperature,  which  in  a  few  days  reached 
41.4°  C.  This  was  followed  by  a  drop  to  38°  C.,  and  a  corresponding  reduction  of  the 
nund)er  of  parasites  in  the  circulation.  With  the  second  rise  of  tempereture  to  40°  C. , 
where  it  remained  oscillating  between  38°  and  40°  C.  until  the  day  of  death,  the  para- 
sites again  became  numerous  and  remained  so  throughout  the  disease.  Beginning 
about  the  fifteenth  day  after  inoculation,  there  was  oedema  of  the  penis,  gradually 
involving  the  belly,  but  not  the  posterior  extremities.  Lesions  of  the  nose  and  eyes 
were  not  noticed.  The  appetite,  except  at  the  height  of  the  fever,  was  good.  There 
was  no  apparent  emaciation  and  no  serious  loss  of  weight. 

During  the  incubation  period  of  mal  de  caderas,  according  to  Voges,  no  symptoms 
are  noticed,  l)ut  as  the  disease  progresses  the  animal  becomes  inactive  and  heedless 
of  what  is  going  on  about  it.  It  allows  the  head  to  drop  carelessly,  and  the  whole 
body  loses  its  firmness  and  becomes  more  and  more  sluggish.  On  being  ordered  it 
responds  very  lazily,  and  "even  the  wildest  and  meanest  horses  no  longer  balk  and 
bite."  At  tliis  period  of  the  disease  the  animal  may  fall  to  the  ground  and  die 
suddenly.  On  the  other  hand,  if  assisted  to  rise  it  may  live  for  as  much  as  two 
weeks. 

Following  the  incubation  period,  which  varies  in  duration,  the  temperature  rises 
rapidly,  often  to  40°  and  41°  C,  and  on  the  following  day  falls  to  normal  or  nearly 
so.  It  then  goes  up  again,  and  within  five  days  reaches  40°  C.  or  more.  The  period 
of  apyrexia  between  these  elevations  is  of  uncertain  length.  This  Voges  calls  the 
first  stage  of  the  disease,  the  important  symptom  being  the  intermittent  fever. 

In  the  second  stage  the  fever  is  prominent,  but  the  intermissions  become  less 
marked  as  the  disease  advances,  the  temperature  varying  from  88.5°  to  39.8°  C. 

Before  death  great  variations,  sometimes  from  34°  to  39°  C.  from  morning  until 
evening,  may  occur,  the  curve  being  as  irregular  as  a  septic  one. 

Hemoglobinuria  may  occur  temporarily  in  the  first  stage  of  the  disease.  Red  blood 
cells  are  usually  present  in  the  stools,  wnich  as  a  rule  are  normal  in  consistency  and 
number,  but  in  rare  instances  may  be  covered  with  a  mixture  of  coagulated  blood. 
Thirst  increases  and  becomes  marked  as  the  disease  progresses.  The  pulse  is  at  first 
normal,  but  the  heart  grows  weaker  with  the  course  of  the  illness,  finally  allowing  the 
oedema  which  is  seen  in  the  later  stages.  Sudden  death  from  heart  failure  sometimes 
occurs. 
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Animals  with  mal  de  caderaa  show  no  evidence  of  pain.  During  the  first  stage  the 
reflexes  are  normal,  but  even  as  early  as  this  there  may  be  a  diminished  sensibihty, 
which  later  on  becomes  marked,  so  much  so  that  animals  pay  no  attention  to  swarms 
of  flies.  Incoordination  affecting  particularly  the  hind  parts  becomes  so  severe  that 
the  animal  reels  as  if  drunk. 

The  hair  remains  smooth  and  glossy  during  the  first  st^ige,  and  shedding,  if  pres- 
ent, is  normal.  In  the  second  stage  it  k}ses  its  gloss  and  hes  less  smooth.  Ema- 
ciation is  not  noticeable  during  the  early  part  of  the  disease,  and  with  good  foo<l 
animals  often  gain  in  weight;  but  during  the  later  |)eriods  this  svm])to!ii  is  marked 
and  the  loss  may  reach  100  kilos  or  more  before  death.  The  ai)i)efite,  as  a  ruU^  is  not 
disturbed,  but  continues  good  to  the  end,  and  in  some  cases  it  is  noticeably  increased. 

Dourine  is  a  recognized  form  of  trypanosomiasis  in  horses,  but  clinical  descriptions 
are  not  so  complete  as  for  the  other  types.  It  is  usually  referred  to  as  resembling 
one  of  the  other  forms.  The  emphasized  symptoms,  in  addition  to  the  ones  already 
given,  (consist  in  phlegmanous  ulcers  of  the  genitalia  and  to  a  less  extent  of  various 
parts  of  the  skin.  The  temperature,  as  a  rule,  does  not  run  so  high  in  this  form  of 
the  disease  as  in  the  others,  and  parasites  are  nmch  less  numerous  in  tlici  peripheral 
circulation.  On  the  whole,  the  course  is  considered  more  chronic  than  that  of  surra 
and  the  variety  of  susceptible  animals  is  smaller. 

As  to  the  general  description  of  the  symptomatology  of  the  disease  as  observed  in 
the  Philippines,  we  have  nothing  to  add  to  the  classical  ones  of  the  \arious  writers 
in  India,  South  America,  and  Africa. 

With  the  ultimate  object  of  discovering  methods  of  prevention  and  cure,  toward 


Fig.  110.— Nagana  in  a  horse  ( )  temperature,  ( )  Trypanosovia.    (Aflor  Laveran  and  Mesnil, 

1902,  fig.  4.) 

which  all  of  our  work  is  directed,  one  of  the  most  important  questions  to  decide  and 
one  which  so  far  has  not  been  definitely  determined  is  the  incubation  period  in 
naturally  contracted  cases.  Authors  writing  of  the  disease  under  the  same  and 
different  names  give  for  it  various  lengths  of  time,  and  not  a  few  say  that  it  is 
unknown. 

Evans  fed  two  horses  20  ounces  each  of  surra-infected  blood,  obtaining  positive 
results  and  an  incubation  period  of  six  days.  He  did  not  prove  his  animals  free 
from  infection  at  the  time  of  feeding,  does  not  state  that  biting  insects  were  excluded, 
and  of  course  can  not  say  that  there  were  no  lesions  in  the  mouth. 

Lingard  fed  a  horse  frequently  with  small  quantities  of  infected  blood  well  dilute<l 
in  water,  with  an  incubation  period  of  one  hundred  and  thirty  days  or  less,  depend- 
ing upon  which  feeding  produced  the  infection.  To  another  horse  he  fed  200  minims 
of  infected  blood  in  a  similar  manner,  the  incubation  period  being,  according  to  the 
author,  seventy-five  days.  These  experiments  are  open  to  the  same  criticism  as  those 
of  Evans. 

Subcutaneous  injection. — In  tw^elve  horses  inoculated  subcutaneously  by  Lingard, 
the  average  incubation  period  was  five  and  two-thirds  days,  the  longest  being  eight 
days  following  the  injection  of  I  cubic  centimeter  of  blood  containing  but  few 
Trypanosoma,  and  the  shortest  four  days,  wdii(;h  occurred  in  four  of  tlie  horses  after 
the  inoculation  of  1  to  3  c.  c.  of  blood  containing  Trypanosoma  in  large  numbers. 
In  three  horses  injected  subcutaneously  with  blood  taken  during  the  intermissions 
of  the  disease  and  microscopically  free  from  parasites  the  avt^rage  incubation  period 
was  eight  and  two-thirds  days,  the  longest  being  ten  days  and  the  shortest  four.     In 
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Date            )^  X  a  ♦  9  «  T  r  9  w  tt  iti3«4i9  tt  it  ««  «9io«i  nauisusirTS  \^Z  ^  *  ,9  g  j 

40-          fl!      A     IH    III  i-il  1 1 IJII 1 

Temperature    _: 1 .  -\ 1 ^ *^--^ ^ 

„.=-..r.i.==g...:====la=zr:======.Ee! 

Fig.  112 — Temperature  eliartof  a  horse  following  intravenous  injection  of  20  c.  c.  of  blood  obtained 
from  a  horse  which  showed  no  jjarasites  in  the  blood.  Dead  in  thirty-four  days.  (After  Liguiere.s, 
in  Reeueil  d.  Med.  Vet.  vol.  10,  No.  4,  Feb.  28,  1908,  p.  117.) 


«^ 

:  !  =  -      TT-  =  :        - 

T 

f.tf^O 

'ooo'og.    Y' 

— ^r«~ 

^ 

0  ' 

oaa  V, 

000  /Of  3 

s 

o?6  6 

000  OS  t   2 

V 

.s 

i 

4-_      .   

f 

o».i  01 

000  056    3 

t 

j 

000091    « 

-   -    i: 

■U- 

ozo-ci 

000-096  1 

<-<i 

-UlT 

oc£-6 

000  OSC  t 

& 

000  o^  v. 

T 

1 

oo-;,  tji 

000  059  t 

::::  ::=    : 

■'Oi    n 

ooootee 

<:: 

._.!±-        . 

005   3 

OOOOS5C 

9    ' 

._..    -__       ilL 

ooz  3 

000  0.0  e 

H, 

oot6  " 

000  0*5  < 

3 

0 

OfZ   ol 

000  o«€ 

./.<i 

0 

o 

Ot'.i   0, 

ooootst 

~ 

0' 

OOP  TJ. 

OOOCX5J    <i 

cos  9 

O00O69S 

2 

J 

---        : 

OO?   9 

ooo-oSi» 

V'C" 

<f 

: 

.^ 

001  9 

oooo.»-lr 

<B 

OVl    i 

PooofJ  V 

1- 

4 

099    1 

oooooe  r 

-JS" 

v» 

< 

oyo  9 

oooo«rs 

t 

-) 

; 

•    -- 

r 

♦ 

■^ 

oEoqi 

0  00  09V-P 

« 

"oq  6 

000  otv  » 

<c 

-< 

: 

^, 

* 

...?  :'.     1 

r 

> 

:» 

r 

....  =.,    , 

oooo<;»9 

^l 

Is 

0 

r~ 

0 

•A 

0 

:: 

0 

.k ' 

1  ^ 

o»%  t- 

oco  0+8-9 

9 

Si- 

{ 

-■"=  -■ 

LU 

<J*6> 

ooop-»3  4 

rHf 

~ 

* 

_ 

. 

? 

: 

:: 

..<!!. 

f 

; 

'"', 

o<is  a 

POO  00.  S 

SV 

^ 

; 

? 

» 

/ 

J 

,t 

~ 

t 

''> 

9 

* 

; 

000  0  C  J  9 

8*9 

(T 

♦' 

,?: 

as 

'    « 

1^- 

* 

^ 

J> 

>o 

* 

H-T 

oco  ooi:  9 

6 

•a 

J 

1 

^ 

* 

:::::  :n"T 

L 

- 

« 

* 

i.  ' 

* 

^ 

i^ 

• 

' 

£ 

1       . 

T 

s 

-j--._  5 

* 

-:  ;-- 

a 

^- 

i 

0 

S 

a- 

0 

00J6 

000   001/ 

S'OI 

t 

•3     -s^    -s?     • 

i 

J 

1 

•  > 

§•5 


^      E^ 


476 


REPORT    OF   THE    PHILIPPINE    COMMISSION. 


twelvo  horses  inoculated  siibcntaneously  with  blood  taken  one  and  one-half  to  nix- 
teen  hours  post-mortem,  the  average  incubation  period  wan  nine  and  one-half  days, 
the  long'est  being  thirteen  days  following  the  injection  of  2  c.  c.  taken  one  and  one- 
half  bourn  host-inortem,  and  the  shortest  six  clays  in  a  case  of  inoculation  witli  (> 
c.  c.  of  blood  taken  one  and  one-half  hours  post-mortem. 

In  two  cases  of  subcutaneous  injection  of  1  and  2  c,  c.  of  serum  taken  forty-five 
minutes  and  two  hours,  respectively,  post-mortem,  from  a  horse  dead  of  the  discnise, 
the  incubation  periods  were  eight  and  nine  days.  A  horse  injected  subcutaneously 
with  I  c.  c.  of  bloo<l  from  the  tunica  vaginalis  of  a  goat  suffering  from  the  diseases 
developed  an  incubation  period  of  live  days,  and  a  horse  inoculated  with  1  c.  c.  of 
the  blood  of  the  same  goat  had  one  of  thirteen  days. 

BlJRKAi;  OF  GOVKKNMENT  LABORATOHIKS. 

l?IOT.OC:iCAL  1.ABORATOKY. 


ANIMAL  RECORD. 
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Fro.  115. — Temperature  recMmi  of  snrra  in  a  horse. 

There  are  numerous  ol)servations  to  show  that  tlie  incnibation  period  in  naturally 
contracted  cases  does  not  vary  more  than  in  experimental  cases.  It  is  usually  from 
four  to  seven  days,  although  in  exceptional  cases  it  may  be  more.  In  one  of  our 
animals,  in  which  the  evidence  was  complete,  it  was  eleven  days. 

The  incubation  period  in  horses  artificially  infected  by  us  varied  somewhat  with 
the  condition  of  the  animal,  the  place  of  inoculation,  the  character  of  tht?  infecting 
material,  and  perhaf)S  with  other  causes;  but  from  observation  we  are  certain  that 
variations  in  naturally  contracted  cases  are  not  greater  and  that  tliey  occur  within 
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eompamtively  8niall  limits,  in  most  cases  from  four  to  seven  days.  One  of  onr  horses 
had  an  in(nil)ation  ])eriod  of  eleven  days,  and  another,  which  was  suffering  with  a 
niidignant  growtii  and  a  temperature  of  39.5^  to  41°  C,  had  one  of  eighteen  days  fol- 
lowing a  subcutaneous  injection.  As  already  stated,  we  are  (convinced  that  the  nat- 
urally contracted  disease  does  not  differ  from  that  produced  by  inoculation  in  the 
length  of  its  incubation  period,  its  symptoms,  or  any  other  respect. 

Fever  is  one  of  the  most  important  symptoms  and  is  the  first  clinical  evidence  of 
infection.  It  can  usually  be  determined  during  the  incubation  period  in  exposed 
animals.  The  temperature  as  a  rule  rises  very  rapidly,  and  during  tlie  first  few  days 
may  reach  40°  to  41°  C.,  after  which  it  becomes  irregularly  intermittent,  remittent, 
or,  in  rare  instances,  relapsing  in  type,  always  being  highest  in  the  afternoon. 


BUREAU  OF  GOVERNMENT  LABORATORIES. 

BIOLOOICAli  LADORATORY. 


ANIMAL  RECORD. 
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Fig.  I16.--Temperature  record  of  surra  in  a  horse. 

tiJ/wifh'n^lfi/^'"''  f  "'*'  temperature  in  diagnosis  is  its  mere  presence  in  connec- 
li  ir,^tP^  Itl  symptoms  There  is  at  any  time  very  little  in  its  variations  whicli 
IS  cliarac-teristic  enongii  to  be  very  significant,  but  taken  over  a  long  perioil  its 
*'''JiV''®'.,y'''''^  "ot  L-onstant,  makes  a  suggestive  picture.  ^  '  ' 

in  horsesTn  Minna!''"  ^^"^  ^"'~^°^'  ^^^'"^'  ^'^'^  ""  '"^"^  °^  ">^  '=°"'-*  ^'^  "^^^  ^^^'^^ 

ov!!.t"Si*;,°^f'"^^'**i?"^  °^  ^  ''°T  suffering  with  this  disease  do  not  afford  sufficient!  v 

Tlie  hair,  at  first  normal,  soon  becomes  rough  and  shows  a  tendency  to  fall  out  in 
places,  especially  the  long  hairs  aronnd  the  nose  and  eyes,  though  this  never  pro 

skiu  bec^mefdr^'vr  f '''"'*  "'  '^  1  ''''"'  ^  <'"  '"  «"'"^'  "^  th<^  «"a"er  animals  The 
bkiu  becomes  dry  and  scrawny  and  sometimes  shows  eruptions  in  places,  which  may 
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BUREAT  OF  (SOVKKNMENT  LABORATORIES. 
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Fig.  117.— Temperature  record  of  surra  in  a  horse. 
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Fig.  118.— Temperature  record  of  surra  in  an  American  horse. 
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BUREAU  OP  GOVERNMENT  LABORATORIES. 

BIOJ.OCICAL  LABORATORY. 
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Fig.  119. — Temperature  record  of  surra  in  a  native  i)ony. 
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be  erythematous,  macular,  or  urticarial.  We  have  occasionally  noted  in  well- 
advanced  cases  bunches  of  macules,  somewhat  concentric  in  form,  whicli  became 
pustular  and  finally  covered  with  a  scaly  exudate  caused  by  the  drying  of  the  puru- 
lent-looking discharge  from  the  pustules. 

Catarrhal  symptoms,  of  the  eyes  particularly  and  less  noticeable  also  of  the  nose, 
manifest  themselves  rather  early  in  the  disease,  although  they  may  come  on  late 
and  in  some  cases  are  almost  wholly  absent  throughout  its  course.  At  first  the  dis- 
charge is  small  in  amount  and  watery,  but  as  the  disease  progresses  becomes  more 
abundant  and  mucus-like,  and  finally  takes  on  a  yellowish  tinge,  becomes  tenaceous, 
and  often  coagulates  in  the  inner  canthi  of  the  eyes. 

Subcutaneous  oedema,  more  or  less  marked,  is  a  constant  symptom,  but  varies 
greatly  in  the  time  of  its  appearance,  hi  some  cases  it  is  seen  early  in  the  disease, 
becoming  a  very  prominent  symptom,  while  in  others  it  comes  on  late  and  is  very 
insignificant.  Its  intensity  does  not  appear  to  bear  any  relation  to  the  duration  of 
the  disease.  In  nearly  every  instance  it  is  first  noticed  around  the  genitalia  (figs. 
106,  120),  which  remain  in  the  majority  of  cases  the  most  severely  involved  part. 
From  the  sheath  it  spreads  forward  along  the  belly  on  both  sides  of  the  linea  alba  in 
two  well-defined  bands  (figs.  107, 121 ) ,  which  may  extend  between  the  forelegs,  where 
they  then  unite  and  pass  on  to  the  chest  as  a  large  pod,  as  illustrated  in  figures  109, 123. 
When  the  swelling  becomes  marked  the  two  bands  under  the  belly  may  unite.  The 
ccMlema  extends  also  down  the  hind  legs,  being  most  marked  below  the  hock.  The 
forelegs  may  also  be  involved,  but  to  a  less  extent.  Other  places  which  occasionally 
show  this  swelling  are  the  nose  and  the  loose  tissues  around  the  eyes,  the  base  of 
the  jaw,  the  throat,  and  the  base  of  the  ears,  but  it  is  rare  to  see  these  parts  involved 
to  any  considerable  extent. 

One  of  the  earliest  symptoms  following  a  rise  in  temperature  is  the  pallor  of  the 
mucous  membranes,  which  first  become  pearly  white  and  then  take  on  a  decided 
yellowish  tinge.  In  a  well-marked  case  this  symptom  alone  is  almost  sntlicient  to 
make  a  diagnosis.  The  mucosa  of  the  mouth,  tongue,  eyes,  and  nose  assume  a  ghastly 
whiteness,  which  is  out  of  all  |)roportion  to  the  pleural  anemia.  Before  deatli  these 
membranes  become  somewhat  yellowish,  a  change  which  gives  a  jaundice-like 
appearance,  but  is  of  the  same  character  as  that  seen  in  some  of  the  otlier  tissues  of 
the  body,  anil  described  as  a  gelatinous  infiltration. 

Symptoms  of  the  organs  of  special  sense  are  important.  In  many  cases  vision 
is  impaired  and  total  blindness  may  be  brought  about,  usually  l)y  the  clouding  of 
the  aqueous  humor,  which  in  such  cases  as  a  rule  contains  parasites.  The  sense 
of  hearing  is  also  involved,  but  generally  to  a  much  less  extent. 

Enlargement  of  the  submaxillary  and,  to  a  less  degree,  of  the  other  subcutaneous 
glands  is  a  frequent  symptom.  In  some  instances  the  submaxillary  glands  may  be 
greatly  swollen  and  very  sensitive  to  the  touch;  and  again  we  have  seen  animals 
without  any  apparent  enlargement  or  tenderness  of  tliese  organs  (luring  the  entire 
course  of  the  disease.  When  trypanosomiasis  is  once  well  established  respiration 
is  usually  quickened  and  in  many  instances  more  or  less  labored,  as  is  evidenced  by 
the  bellow-like  movement  of  the  abdominal  walls.  These  symptoms  are  intensified 
whenever  broncho-pneumonia  complicates  the  disease. 

There  are  often  no  gastro-intestinal  symptoms  of  importance,  but  in  most  cases  a 
very  severe  diarrhea  develops  during  the  later  stages,  generally  ten  or  twelve  days 
before  death. 

The  nervous  symptoms  vary  considerably  in  the  horse.  In  the  larger  number  of 
cases  the  described  incoordination  of  movement  and  the  partial  i)aralysis  of  the 
hind  quarters  are  present  to  a  certain  extent,  while  cases  are  met  with  in  which 
these  symptoms  do  not  at  any  time  manifest  themselves. 

The  morbid  anatomy  has  already  been  considered  in  the  chapter  devoted  to  a 
general  discussion  of  this  subject. 

TRYPANOSOMIASIS   OF   MULES. 

Very  little  in  regard  to  trypanosomiasis  of  mules  is  found  in  literature,  excepting 
the  bare  statement  that  these  animals  are  susceptible  and  have  a  long  period  of  ill- 
ness. Voges  says  that  the  duration  of  the  disease  may  be  a  year  or  more,  but  that 
often  the  parasites  are  not  found  by  microscopic  examination  for  days  or  weeks  at  a 
time,  and  that  he  would  not  be  surprised  at  some  future  time  to  find  an  immune 
animal. 

The  disease  in  these  animals  in  the  Philippine  Islands  is  of  longer  duration,  just 
as  is  true  in  other  infected  zones.  This  fact  might  be  taken  advantage  of  in  better- 
ing conditions  in  countries  where  surra  is  prevalent  and  where  means  of  eradication 
and  prevention  are  not  applicable,  Ijecause  these  animals  may  be  used  for  a  long  time 
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FKt.  1 19. — Temperature  record  of  surra  in  a  native  pony. 
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be  erytheinatoiif^,  macular,  or  urticarial.  We  liave  occasionally  noted  in  wt^ll- 
advanced  cases  bundles  of  macules,  somewhat  concentric  in  form,  which  became 
pustular  and  finally  covered  with  a  scaly  exudate  caused  by  the  drying  of  the  i>uru- 
lent-looking  discharge  from  the  pustules. 

Catarrhal  symptoms,  of  the  eyes  particularly  and  less  noticeable  also  of  the  nose, 
manifest  themselves  rather  early  in  the  disease,  although  they  may  come  on  late 
and  in  some  cases  are  almost  w^holly  absent  throughout  its  course.  At  first  the  dis- 
charge is  small  in  amount  and  watery,  but  as  the  disease  progresses  becomes  more 
abundant  and  mucus-like,  and  finally  takes  on  a  yellowish  tinge,  becomes  tenaceous, 
and  often  c;oagulates  in  the  inner  canthi  of  the  eyes. 

8ul)cutaneous  oedema,  more  or  less  marked,  is  a  constant  symptom,  but  varies 
greatly  in  the  time  of  its  appearance.  In  some  cases  it  is  seen  early  in  the  disease, 
becoming  a  very  prominent  symptom,  while  in  others  it  comes  on  late  and  is  very 
insigniiicant.  Its  intensity  does  not  appear  to  bear  any  relation  to  the  duration  of 
the  disease.  In  nearly  every  instance  it  is  first  noticed  around  the  genitalia  (figs. 
106,  120),  which  remain  in  the  majority  of  cases  the  most  severely  involved  part. 
From  tlie  sheath  it  spreads  forward  along  the  belly  on  both  sides  of  the  linea  alba  in 
two  well-defined  bands  (figs.  107, 121) ,  which  may  extend  between  the  forelegs,  wliere 
they  then  unite  and  pass  on  to  the  chest  as  a  large  pod,  as  illustrated  in  figures  109, 123. 
When  the  swelhng  becomes  marked  the  two  bands  under  the  belly  may  unite.  Tlie 
cedema  extends  also  down  the  hind  legs,  being  most  marked  below  the  hock.  The 
forelegs  may  also  be  involved,  but  to  a  less  extent.  Other  i)laces  which  occasionally 
show  tins  swelling  are  the  nose  and  the  loose  tissues  around  the  eyes,  the  base  of 
the  jaw,  tlie  throat,  and  the  base  of  the  ears,  but  it  is  rare  to  see  these  parts  involved 
to  any  considerable  extent. 

One  of  the  earliest  symptoms  following  a  rise  in  temperature  is  the  pallor  of  the 
mucous  mendjranes,  wdiich  first  become  pearly  white  and  then  take  on  a  decided 
yellowish  tinge.  In  a  well-marked  case  this  symptom  alone  is  almost  sutlicient  to 
make  a  diagnosis.  The  mucosa  of  the  mouth,  tongue,  eyes,  and  nose  assume  a  ghastly 
whiteness,  which  is  out  of  all  proportion  to  the  pleural  anemia.  Before  death  these 
membranes  become  somewhat  yellowish,  a  change  wdiich  gives  a  jaundice-like 
appearance,  but  is  of  the  same  character  as  that  seen  in  some  of  the  other  tissues  of 
the  body,  and  described  as  a  gelatinous  infiltration. 

Symptoms  of  the  organs  of  special  sense  are  important.  In  many  cases  vision 
is  impaired  and  total  blindness  may  be  brought  about,  usually  ])y  the  clouding  of 
the  aqueous  humor,  which  in  such  cases  as  a  rule  contains  parasites.  The  sense 
of  hearing  is  also  involved,  but  generally  to  a  much  less  extent. 

Enlargement  of  the  submaxillary  and',  to  a  less  degree,  of  the  other  subcutaneous 
glands  is  a  frequent  symptom.  In  some  instances  the  submaxillary  glands  may  be 
greatly  swollen  and  very  sensitive  to  the  touch;  and  again  we  have  seen  animals 
without  any  apparent  enlargement  or  tenderness  of  these  organs  during  the  entire 
course  of  the  disease.  When  trypanosomiasis  is  once  well  established  respiration 
is  usually  quickened  and  in  many  instances  more  or  less  labored,  as  is  evidencecl  l)y 
the  bellow-like  movement  of  the  abdominal  walls.  These  symptoms  are  intensified 
whenever  broncho-pneumonia  complicates  the  disease. 

There  are  often  no  gastro-intestinal  symptoms  of  importance,  but  in  most  cases  a 
very  severe  diarrhea  develops  during  the  later  stages,  generally  ten  or  twelve  days 
before  death. 

The  nervous  symptoms  vary  considerably  in  the  horse.  In  the  larger  number  of 
cases  the  described  incoordination  of  movement  and  the  partial  paralysis  of  tlie 
hind  quarters  are  present  to  a  certain  extent,  while  cases  are  met  with  in  which 
these  symptoms  do  not  at  any  time  manifest  themselves. 

The  morbid  anatomy  has  already  been  considered  in  the  chapter  devoted  to  a 
general  discussion  of  this  subject. 

TRYPANOSOMIASIS   OF   MULES. 

Very  little  in  regard  to  trypanosomiasis  of  mules  is  found  in  literature,  excepting 
the  bare  statement  that  these  animals  are  susceptible  and  have  a  long  period  of  ill- 
ness. Voges  says  that  the  duration  of  the  disease  may  be  a  year  or  more,  but  that 
often  the  parasites  are  not  found  by  microscopic  examination  for  days  or  weeks  at  a 
time,  and  that  he  would  not  be  surprised  at  some  future  time  to  find  an  immune 
animal. 

The  disease  in  these  animals  in  the  Philippine  Islands  is  of  longer  duration,  just 
as  is  true  in  other  infected  zones.  This  fact  might  be  taken  advantage  of  in  better- 
ing conditions  in  countries  where  surra  is  prevalent  and  where  means  of  eradication 
and  prevention  are  not  applicable,  l)ecause  these  animals  may  be  used  for  a  long  time 
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without  IxM'ominoj  iiRoloRS  tliroiigh  exhaustion  incident  to  the  disease.  Mules  are 
largely  used  a«  draft  animals  by  the  niihtary  and  civil  governments  of  the  Philip- 
pine Islands  and  are  beiuji;  introduced  to  an  increasing  extent  in  private  enterprises. 

By  inoculation  they  are  just  as  susceptible  to  trypanosomatic  infection  as  horses,  but 
they  ai)pear  to  be  less  frecpiently  attacked  by  natural  infection;  this  is  no  doubt 
partly  owing  to  tlie  fact  tliat  flies  disturb  them  less. 

Th(^  synitoms  in  general  are  similar  to  those  described  for  the  horse;  but  there  are 
(•ertain  vslight  differences.  The  temperature  is  less  remittent  and  more  rarely  inter- 
mittent, and  we  have  not  seen  a  single  case  in  which  tlie  fever  was  of  a  relapsing 
ty[)(^  Edema,  weakness,  and  anemia  are  slower  in  their  appearance,  but  when  oru^e 
well  establishe<l  show  no  suggt^stive  differences. 

Tlie  parasites,  as  determined  by  microscopic  examination,  as  a  rule  are  not  so 
nmnerous  in  the  |)eripheral  circidation  as  they  are  in  that  of  the  horse,  and  the 
]>eriods  during  which  they  are  not  found  at  all  are  more  frequent  and  of  longer  dura- 
tion. However,  just  as  in  liorses,  the  blood  is  constantly  infectious  by  inoculation 
throughout  the  course  of  the  disease.  The  incubation  period  is  the  same  as  in  the 
horse,  the  duration  from  four  to  twelve  weeks  or  even  longer,  and  the  mortality  100 
per  cent. 

As  a  general  rule  skin  lesions  are  more  constant  and  decided  than  in  the  case  of 
the  horse,  although  of  the  same  general  character.  The  localization  of  symptoms  in 
the  skin  and  gt;nitals  is  more  noticeable  in  animals  showing  some  resistance  to  the 
infection  than  in  others,  so  that  in  some  of  the  lower  animals — such  as  the  rabbit — 
we  have  a  very  satisfactory  clinical  picture  of  dourine. 

The  morbid"  anatomy  in  nuiles  is  very  similar  to  that  of  the  horse,  which  has 
already  been  discussed. 

TRYPANOSOMIASIS   OF    ASSES. 

According  to  Laveran  and  Mesnil,  nagana  show^s  the  same  general  character  of 
infection  in  these  animals  as  it  d(K>s  jn  the  liorse.  The  course  of  the  temperature  is 
more  irregular,  and  the  relation  of  the  number  of  parasites  in  the  peripheral  circula- 
lation  to  the  tinnperature  is  more  constant.  As  a  rule,  they  are  less  numerous  in  the 
blood  and  may  be  entirely  absent  for  longer  periods  of  time.  The  local  symptoms, 
particularly  edema,  are  said  to  l>e  scarcely  noticeable  in  these  animals.  The  average 
<luration  of  the  disease  is  given  l)y  these  authors  as  fifteen  days. 

Voges  staters  that  asses  are  invariably  susce[)tible  to  mal  de  caderas,  and  that  the 
svmptoins  of  tlie  disease  in  them  do  not  differ  from  those  described  for  mules. 
Koch  found  the  asses  of  Massai  innnune  to  the  infection.  He  does  not  appear,  how- 
ever, to  have  demonstrated  the  innn unity  of  these  animals  by  inoculation;  and  as 
all  other  writers,  referring  to  the  susceptibility  of  the  various  species  of  asses,  have 
always  found  them  to  be  f'apal)le  of  contracting  the  dis€>ase,  w^e  can  not  but  feel  scep- 
ticarabout  Kocli's  conclusions,  lingard  mentions  particularly  the  chronic  course 
of  surra  in  the  donkey.  There  are  no  asses  in  the  Philippines,  so  that  we  have  been 
unable  to  perform  any  work  on  these  animals. 

TRYPANOSOMIASIS    OF   OTHER   EQUIDES. 

All  other  equides,  including  hybrids,  have  been  shown  to  be  susceptible  by  various 
writers,  although  very  little  on  the  course  of  the  disease  in  these  animals  is  given  in 
detail.  As  they  are  not  of  any  economic  importance  in  these  islands,  no  considera- 
tion will  be  given  them  here. 

TKYPANOSOMIASIS   OF   CATTLE. 

The  great  variations  in  results  obtained  in  the  study  of  this  family  of  animals  and 
their  undoubted  great  importance  in  perpetuating  epidemics  make  it  one  of  the 
most  important  to  be  considered.  In  nearly  all  countries  where  the  infection  is 
])revalent  cattle  have  been  found  to  be  susceptible. 

AVith  reference  to  the  course  of  trypanosomiasis  in  cattle  and  the  mortality  of  these 
animals,  there  is  wide  difference  of  opinion  in  the  same  country,  as  well  as  in  different 
ones.  So  far  as  we  know,  Voges,  in  South  America,  is  the  only  writer  who  states 
positively  that  some  cattle  are  not  susceptible.  He  is  certain  the  cattle  of  that 
country  do  not  contract  the  disease  after  being  inoculated. 

Certain  w^riters  in  Africa  maintain  that  cattle  are  very  susceptible  to  nagana,  with 
a  high  mortality.  Others,  as  Schilling,  have  shown  the  infection  not  to  be  invariably 
virulent  for  these  animals,  the  course  of  the  disease  to  be  long,  and  the  mortality 
low%  some  cases  of  (Himplete  recovery  being  reported.  Laveran  and  Mesnil,  working 
with  Trypanosoma  of  nagana  in  France,  obtained  a  long  course  of  the  disease  in 
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infected  animals,  and  tlie  mortality  was  certainly  much  lower  than  the  reports 
usually  received  from  Africa  would  indicate  for  that  country.  Writers  in  India 
practically  all  agree  that  cattle  are  susceptible  to  the  disease,  but  mention  its  long 
course,  lower  mortality,  and  some  cases  of  complete  recovery. 

Bruce  states  that  the  duration  of  nagana  varies  from  a  week  to  six  nionths  or 
more.  The  symptoms  are  much  less  marked  tlian  in  horses  or  dogs.  Emaciation 
is  rapid;  the  hair  becomes  rough  and  falls  out;  fluid  runs  froms  tlie  nose  and  eyes, 
and  there  is  a  tendency  to  diarrhea.  The  dewlap  becomes  edematous,  but  the 
edema  is  not  so  prominent  on  the  abdomen  and  posterior  extremities  as  in  the 
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infection  of  the  horse.     Fever  is  constant,  but  not  so  high  as  in  the  case  of  liorses 
occasionally  reaching  41°  0.     Parasites  are  rare  in  the  blood. 

Schat,  working  with  the  surra  of  Java,  maintains  that  the  disease  is  very  virulent 
m  that  country  for  these  animals,  stating  that  the  mortality  is  enormous,  the  infec- 
tion sometimes  being  acute  and  of  short  duration,  and  at  others  chronica  with  a 
longer  course.  However,  as  already  stated,  from  Schat's  descrii>tion  of  the  disease 
we  c^an  not  but  believe  that  there  was  some  other  element  present  to  complicate  his 
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cases.  He  unquestionably  worked  with  trypanosomiasis  and  Trypanosoma  were  no 
doubt  present,  but  his  description  of  the  symptomatology  and  the  morbid  lesions 
p^reatly  resembles  those  of  rinderpest.  It  seems  more  than  likely  that  he  was  work- 
ing with  a  combination  of  these  two  diseases. 

Theiler  observed  in  the  cattle  of  South  Africa  an  acute  pernicious  tenemia  with 
only  slight  fever,  which  he  considered  due  to  a  special  Trypanosoma  named  by 
Laveran  and  Mesnil  Trypanommn  (heileriL 

J.ingard  speaks  particularly  of  recurrent  transient  urticarial  eruptions  in  cattle 
suffering  from  surra.  Great  variations  were  observed  in  the  temperature,  the  remis- 
sions always  being  observed  in  the  mornings.  Einaciation  was  usually  marked. 
l*arasites  were  few  and  intermittently  present  in  the  peripheral  circulation.  He 
gives  tlie  usual  incubation  period  in 'inoculated  cases  as  four  to  eleven  days,  and 
states  that  tlie  course  is  cl ironic,  witli  no  mortality  in  uncomplicated  cases. 

In  the  riiilippines  very  little  has  been  written  about  this  disease  in  cattle,  except 
that  they  are  susceptible.  In  our  work,  which  has  now  covered  a  period  of  nearly 
one  year,  we  have  exannned  the  blood  of  hundreds  of  animals,  and  but  few  cases  of 
natural  infection  have  been  found.  It  may  l)e  that  during  the  wet  season  a  large 
number  of  these  animals  suffer  from  trypanosomiasis.  By  inoculation  they  are  sus- 
c^eptil)le,  and  tlu^  (course  of  the  disease  as  well  as  its  sym})tomatology  correspond  to 
the  descriptions  given  by  the  best  authors  in  other  countries. 

The  incubation  period  is  about  tlie  same  as  in  the  horse,  and  the  other  symptoms 
begin  in  very  much  the  same  manner.  The  temperature  (figs.  118,  127,  114,  128) ,  as 
a  rule,  is  less  intermittent  than  in  tlie  horse,  and  does  not  run  so  high.  No  relation 
can  lie  est^ablislied  between  tlie  temperature  and  the  numlier  of  parasites.  Trypano- 
s(mia  in  sufficient  numliers  to  lie  detected  liy  the  usual  microscopic  examination  are 
intermittently  ])resent  in  the  l)lood,  but  the  latter,  as  in  other  animals,  is  constantly 
infectious  byanimal  experiment.  The  appetite  usually  remains  good,  l)ut  there  are 
transient  periods  of  anorexia  in  almost  all  cases,  and  some  animals  refuse  food  for 
days  at  a  time.     The  liowels  remain  normal  or  show  a  tendency  to  constipation. 

Emaciation  is  rapid,  and  as  a  rule  begins  earlier  than  in  the  horse.  jEnemia,  as 
sliown  by  the  j)allor  of  the  mucous  membranes,  is  probably  less  marked  than  in  the 
horse.  The  catarrhal  symptoms  of  the  nose  and  eyes  are  slight  in  most  animals,  but 
in  tliose  cases  which  prove  fatal  may  become  a  prominent  symptom.  Edema  is 
decidedly  less  marked  than  in  the  horse,  and  in  some  animals  is  scarcely  perceptible, 
wliile  in  otliers  it  appears  particularly  in  the  dewlap  and  less  so  on  the  abdomen  and 
hind  legs.  The  hair  becomes  rough  and  in  places  falls  out.  Urticarial  eruptions  are 
quite  frequent. 

On  the  whole,  the  picture  is  similar  to  that  seen  in  other  animals,  and  in  w^ell- 
advanced  cases  a  diagnosis  should  be  easy.  Owing  to  the  scarcity  of  parasites  in  the 
circulating  blood  and  their  apparent  intermissions,  tlie  laboratory  diagnosis  of  these 
animals  sliould  include  animal  experiment. 

The  course  of  the  disease  is  usually  chronic,  and  in  animals  observed  liere  the 
mortality  is  low.  In  some  cases  the  disease  may  be  very  acute;  one  of  our  inocu- 
lated animals,  for  example,  lived  only  twenty-four  days  (tig.  127).  We  have  not 
been  able  to  examine  a  sufficiently  large  number  of  cases,  and  for  that  reason  do  not 
desire  to  give  definite  figures  as  to  the  mortality. 

Several  varieties  of  cattle  are  found  in  the  Philippine  Islands  in  addition  to  the 
native  ones,  these  including  Australian,  Chinese,  American,  Straits  Settlement,  and 
Javanese. 

TRYPANOSOMIASIS   OF   CARABAO. 

The  Indian  buffalo,  of  which  the  so-called  carabao  of  the  Philippine  Islands  is  a 
species,  has  been  proved  susceptible  to  surra  by  Lingard. 

The  course  of  the  disease  in  his  animals  very  closely  resembled  that  of  the  cow. 
Tlie  incubation  period  was  about  five  days  in  inoculated  animals,  and  the  duration 
in  two  of  his  animals  was  forty-six  and  one  hundred  and  twenty  days,  respectively, 
followed  m  each  case  by  death.  According  to  his  description  there  were  very  dis- 
tinct exacerbations  and  remissions  of  temperature  in  both  cases.  The  appetite 
remained  good,  but  emaciation  was  marked  and  progressive.  Nothing  of  especial 
interest  was  noted  at  post-mortem  examination. 

Curry  mentions  trypanosomiasis  of  carabaos  in  the  Philippine  Islands,  but  does  not 
give  any  data  of  importance. 

TRYPANOSOMIASIS   OP   MONKEYS. 

Monkeys,  where  available,  are  among  the  most  valuable  animals  for  the  study  of 
trypanosomiasis.  They  are  seldom  naturally  infected,  but  are  very  susceptible  to 
inoculation,  and  run  a  regular  course. 
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Kanthuek,  Durham,  and  Blandford  inoculated  a  monkey  with  Tr.  brucei  During 
the  two  weeks  of  its  ilhiess  parasites  were  constantly  present.  The  post-mortem 
exanimation  showed  advanced  pulmonarv  tuberculosis. 

Nocard  sul>cutaueously  inoculated  an  old  monkey  with  several  drops  of  blood  from 
a  nagana  mouse.  lie  gives  the  incubation  period  as  four  days  and  the  duration  of 
the  disease  as  htteen  days.  Parasites  were  very  numerous  throughout  its  course  and 
at  the  tune  of  death  exceeded  the  red-blood  cells  in  number.  The  principal  symp- 
toms were  high  temperature,  tedema  of  the  eyelids  and  pockets,  and  dejection  of 
spirit. 

Sivori  and  Lecler  give  the  incubation  period  in  ''surra  americain"  as  three  davs 
followed  by  death  about  the  sixth  day.  The  temperature  is  high  at  first,  and  just 
before  death  dro[)s  to  3(J°  C,  Anemia  is  rapid  and  progressive.  The  appetite 
remains  good.  Toward  the  end  tliere  is  some  drowsiness,  followed  by  death  in 
coma.  The  post-mortem  examination  shows  an  enlarged  spleen  with  dark-red  pulp 
adema  of  the  lungs,  and  a  sma^l  quantity  of  citrin  liquid  in  the  serous  sacs. 

Voges  says  that  a  monkey  (Mctipitechm  felhms)  inoculated  with  Tr.  equinnm  mc- 
cumbed  to  tlie  disease.  Several  observers  in  India  liave  shown  monkeys  to  be 
susceptible  by  inoculation  to  the  surra  of  that  country;  they  have  also  been  proved 
capable  of  contracting  dourine. 

Monkeys  have  been  extensively  used  in  our  work,  and  the  following  statements 
are  based  upon  the  clinical  and  post-mortem  study  of  a  large  numl)er  of  these  ani- 
mals. In  the  course  of  this  investigation  the  blood  of  hundreds  of  monkeys  from  all 
parts  of  the  islands,  from  infected  areas  and  from  those  not  infected,  has  been 
examined,  and  only  once  has  a  naturally  infected  animal  been  found,  although  they 
are  very  susceptible  to  the  disease,  which,  when  given  by  inoculation,  invariablv 
proves  fatal.  ^ 

The  incubation  period  in  these  animals  varies  with  the  manner  of  inoculation 
being  on  the  average  one  to  three  days  by  subcutaneous  or  scratc^h  inoculation' 
whether  by  syringe  or  insect,  and  somewhat  shorter  by  intra-abdominal  ino(!ula- 
tion.     The  duration  is  from  five  to  thirty-five  days  and  the  mortality  100  per  cent 

Monkeys  are  the  only  animals  that  show  undoubted  evidence  of  having  imin  caused 
by  the  infection.  The  manner  in  which  for  hours  at  a  time  they  hold  their  heads 
between  their  hands  leaves  little  doubt  but  that  they  suffer  from  headache. 

The  character  of  the  fever  varies  considerably  (figs.  115-118,  129-182).  It  is  tren- 
erally  intermittent  or  markedly  remittent,  and  always  liigher  in  the  afternoons  "^  In 
some  cases  it  may  be  nearly  continuous,  especially  in  the  later  stages  of  the  disease 
Just  before  death  there  may  be  hyperpyrexia  and  the  temperature  may  fall  to  sub- 
normal,_  although  death  may  occur  without  either  of  these  changes. 

Parasites  may  as  a  rule  be  found  by  microscopic  examination  throughout  the  course 
of  the  disease.  In  not  a  few  cases,  however,  there  are  intermissions  of  short  dura- 
tion; and  m  one  case  we  found  parasites  only  once  in  daily  examinations  for  seven 
days,  though  the  blood  was  infectious  by  animal  experiment  during  this  time. 

CEdema  as  a  rule  is  not  a  prominent  symptom,  but  is  sometimes  noticeable  about 
the  lace  and  genitals.  Anaemia  is  rapid  and  severe,  but  the  emaciation  is  not  so  great 
as  that  observed  m  other  animals.  Some  interference  with  the  gait  is  occasionally 
noticed,  but  it  is  neither  constant  nor  very  severe.  Gastro-intestinal  changes  are 
absent  m  most  cases,  but  diarrhea  is  sometimes  noticed  toward  the  end. 

Necropsy  shows  the  general  lesions  seen  in  other  animals.  In  addition  to  the  evi- 
dence of  severe  anaemia,  the  most  constant  changes  are  an  enlarged,  mottled  spleen, 
enlarged  lymphatics,  fluid  in  the  serous  cavities,  and  flakes  of  fibrin  over  the  surfaces 
of  the  organs. 


TRYPANOSOMIASIS   OF   DOGS. 


Dogs  are  susceptible  to  surra  in  India  and  show  the  same  general  symptoms  as 
those  seen  m  other  animals.     The  incubation  period  is  short  and  the  course  rapid. 

Lingard  mentions  as  the  principal  symptoms  paroxysmal  fever  (figs.  119,  133) 
anorexia,  later  a  sweUing  of  the  skin  about  the  head  and  throat,  injection  of  the 
conjunctiva,  increased  lachrymation,  in  some  cases  effusions  into  the  joints,  marked 
ffidema  of  the  limbs  and  the  belly,  extravasation  of  the  blood  into  the  anterior  cham- 
bers, opacity  of  the  cornea,  and  later  total  blindness.  He  gives  as  the  principal  ana- 
tomic lesions  subpleural  extravasations  and  sometimes  localized  consolidation  of  the 
lungs,  enlarged  spleen  and  kidneys,  with  subcapsular  petechiee. 

Rouget  proved  dogs  susceptible  to  dourine.  The  symptoms  were  oedema,  par- 
ticularly marked  in  the  genitals,  paralysis  of  the  hind  quarters,  and  conjunctivitis, 
sometimes  followed  by  keratitis. 

Dogs,  according  to  Voges,  contract  mal  de  caderas  by  eating  the  flesh  of  animals 
dead  of  the  disease,  not,  however,  through  the  sound  mucosa,  but  through  injuries, 
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Fig.  130.— Temperature  record  of  surra  in  a  monkey. 

liUKEAl/  Of  OOVKHN.MF.NT  I.ARORATOH!  I>. 
]Uo^<M;^t^\^  i.ajhujatouv. 


ANIMAL  RECORD. 

March  5, ..^^2 

Weight 'i$e Sex  Cnlnr 

Hi»fory        .     „ . 


I  nam  hit  ion  T'-ypftnoSO«»# 


TKK..\TMKNT 

34 

3& 

30 

37 

F 

3S 

10 

- 

« 

Dew. 

RESULTS, 

Mar 

5 

. 

6 

Tryp.   pos. 

t 

\ 

8 

"--. 

D 

1 

1 

10 

^ 

H 

Tryp.  pos. 

e:;-' 

18 

"■ 

- 

13 

* 

— ^ 

u 

> 

,<^ 

15 

/ 

/ 

10 

^ 

r^ 

ir 

Tryp.  pos. 

18 

19 

D«M. 

Fig.  131.— Temperature  record  of  surra  iu  a  monkey. 
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Fig.  132.— Temperature  record  of  surra  in  a  monkey. 
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Fig.  136. — Temperature  record  of  surra  in  a  dog. 
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Fig.  137.— Temperature  record  of  surra  in  a  dog. 
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which  are  always  found  to  ])e  i>rosent  on  exaiHinatioii  and  are  caused  l)y  lighting. 
The  incubation  period  is  short  and  the  duration  of  the  illness  varies  from  two  to  three 
months. 

lie  describes  the  symptoms  as  follows: 

"The  animal  becomes  stupid,  emaciates,  no  longer  responds  when  called,  sleeps, 
hides  in  dark  corners,  and  its  liead  becomes  swollen  (bulldog  appearance)  as  a  result 
of  the  oMlema,  which  affects  particularly  the  eyelids.  The  conjunctiva  are  involved 
to  a  pitiful  extent  and  secretions  similar  to  those  seen  in  the  ral>bit  are  ol)served. 
The  hair  about  the  eyes  falls  out.  The  vision  is  likewise  impaired  l)y  the  chronic 
conjunctivitis.  There  is  marked  oMlema  of  the  scrotum,  which  is  lirst  revealed  by 
the  swellkig  of  the  testicles.  *  -^  *  The  penis  is  not  involved.  On  section 
enlarged  spleen  and  serous  exudates  are  observed.  *  •  *  *  There  are  days  when 
Trypanosoma  are  not  found  in  the  blood." 

Nagana,  according  to  Bruce,  has  a  rapid  course  in  these  animals  (eight  to  sixteen 
days)  and  is  invariably  fatal.  He  mentions  as  tlie  principal  symptoms  continuous 
fever  (rarely  intermittent)  with  elevations  to  40°  and  41°  C,  extreme  emaciation, 
pustular  eruptions  near  the  extremities,  and  a  milky  aspect  of  the  cornea. 

Kanthuck,  Durham,  and  Blandford  give  the  pericxl  of  incubation  as  from  four  to 
six  days  an(l  tlie  average  duration  of  the  disease  as  eighteen  days.  Fever  is  a  con- 
stant symptom,  the  temperature  becoming  subnormal  near  deatli.  (Edema  is  com- 
mon and  more  marked  al)out  the  head,  legs,  belly,  and  genitalia,  Turl)idity  of  tlie 
aijueous  humor,  fibrinous  placpies  in  the  anterior  chamber,  and  corneal  opacities 
are  occasionally  seen.  Corneal  ulcers  and  <'onjuncttivitis  are  fre«piently  associated 
with  the  icdema  of  the  eyelids  and  face.  Parasites  may  be  absent  from  the  blood 
from  four  to  six  days,  but  continue  to  increase  in  number  and  before  death  may 
reach  100,000  to  300,000  per  cubic  millimeter.  Terminal  bacterial  infections  are  apt 
to  occur  in  these  animals,  thus  accelerating  death. 

Anatomically  muscular  wasting  is  well  marked,  but  the  fatty  tissues  are  less 
affected,  except  at  the  base  of  the  lieart,  where  tlu»  fat  may  undergo  axlematous 
degeneration.  Lymphatic  hyperplasia  is  well  marked,  the  glands  being  congested 
or  hemorrhagic.  The  spleen  is  enlarged,  granular,  firm,  and  friable.  Serous  effu- 
sions and  subserous  hemorrhages  are  present. 

Laveran  and  Mesnil  state  that  the  virus  was  frequently  more  active  in  their  experi- 
ence than  in  that  of  others.  Their  dogs  lived  from  six  and  one-half  to  twelve  (lays. 
Tlie  incubation  period  from  subcutaneous  inoculation  varied  l)etween  two  and  four 
days.  Parasites  coidd  always  be  demonstrated  to  l)e  present  in  the  blood  by  micro- 
scopic examination,  and  from  tlie  time  of  their  first  appearance  until  death  they 
usually  increased  in  nund>er;  l)ut  in  tlie  dogs  which  lived  for  twelve  days  there  were 
remissions  on  tlie  eighth  and  ninth  days,  followed  l)y  augmentation,  l^arasites  were 
always  numerous  at  the  time  of  death. 

Tlie  principal  symptoms,  according  to  these  authors,  are  axlema  of  the  genital  organs 
andhypertrov>hy  of  the  inguinal  lymphatics,  although  these  symptoms  may  be  absent. 
Less  frequently  otlema  of  the  head  and  slight  and  transient  paresis  of  the  pf)sterior 
extremities  may  occur.  Important  lesions  of  the  nose  ancl  eyes  are  found  only 
occasionally.  The  temperature  rises  on  the  tliird  to  the  fifth  day  and  usually  remains 
above  40°  C.  until  death.     Considerable  loss  of  w^eiglit  is  constantly  observed. 

In  the  Philippines  dogs  are  very  susceptible  to  surra  by  inoculation,  and  we  have 
thus  far  observed  tw^o  which  contracted  the  disease  naturally.  Owing  to  their  sus- 
ceptibility and  the  ease  with  which  an  unlimited  supply  of  the  animals  may  be 
obtained  for  experimental  work,  they  have  been  used  in  large  numbers  in  the  pres- 
ent investigation. 

The  incubation  period  is  from  four  to  seven  days,  the  course  is  rapid,  being  from 
eight  to  twenty-four  days  in  length,  and  the  mortality  is  100  per  cent. 

The  temperature  (figs.  122-124,  136-138)  varies  considerably,  but  is  usually  remit- 
tent and  rarely  runs  as  high  as  in  some  other  species  of  animals.  Death  may  o{!cur 
with  hyperpyrexia,  but  more  usually  it  is  preceded  by  a  drop  of  the  temperature  to 
normal  or  subnormal. 

Tlie  animals  rarely  live  long  enough  for  aiifemia  and  emaciation  to  become  extreme, 
but  both  are  very  noticeable  from  the  beginning.  In  dogs  the  appetite,  as  a  rule,  is 
very  poor,  although  there  are  exceptions  in  which  it  is  ravenous  throughout  the 
entire  course  of  the  disease.     The  bowels  remain  normal. 

The  "bulldog  head,"  produced  by  the  subcutaneous  cedema  about  the  face,  occurs 
to  a  varying  degree,  which  dej^ends  somewhat  upon  the  length  of  time  the  animal 
lives.  CEdema  of  the  scrotum  and  belly  is  also  present,  but  sometimes  where  the 
course  is  very  rapid  it  may  scarcely  be  noticeable. 

Urticarial  eruptions  on  various  parts  of  the  body  are  liardly  a  prominent  symptom; 
they  do  occur,  however,  and  ocx^asionally  are  very  marked.     As  in  other  animals  the 
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hair  becomes  rough  and  falls  out;  tliJH  in  es|>e('ially  true  of  the  (^yelashen  and  the 
long  luiirs  about  the  nose. 

Catarrhal  synitoins,  accompanied  })y  watery  discharges  from  the  nose  and  eyes,  are 
noticed  early,  and  later  bec'ome  severe.  The' discharges  become  muco-purulent  and 
acrid,  excoriating  tlie  sides  of  the  nose.  Clouding  of  the  fluid  in  the  anterior  chamber 
is  of  fre<]uent  occurrence  and  may  lead  to  total  blindness.  Partial  deafness  also 
occurs.  In  many  cases  the  i)artial  paralysis  of  tlie  hind  quarters  seen  in  otlier  ani- 
mals is  also  ol)served.  I*arasites  as  a  rule  are  constantly  present  in  the  blood  from 
tlie  time  of  their  first  api)earance  until  death.  Post-mortem  examinations  show 
lesions  closely  resembling  the  ones  found  in  other  animals. 

TJIYPANOSOMIASIS   OF  GOATS. 

This  species  of  animals  is  apparently  not  susceptible  to  natural  infection,  and  on 
inoculation  tlie  disease  runs  so  clironic  a  course  that  some  authors  consider  them 
immune.     The  duration  and  the  mortality  do  not  appear  to  l)e  well  defined. 

Rost  says  tliat  goats  inoculated  with  surra  blood  have  fever,  but  soon  recover,  and 
subsequent  doses  do  but  very  little  harm.  They  are  refractory  to  the  disease,  and 
parasites  are  not  generally  found  in  the  blood. 

Voges  considers  them  susceptible  to  mal  de  caderas  by  inoculation  and  savs  the 
disease  lasts  for  several  months.  Tlie  animals  at  first  show  no  symptoms,  aiui  often 
do  not  do  so  for  months;  liut  emaciation  finally  begins  and  death  is  usually  sudden. 
Trypmwmma  are  periodically  absent  from  the  blood. 

Bruce  considers  goats  susceptible  to  nagana  by  inoculation,  but  says  that  the  disease 
runs  a  chronic  course,  often  lasting  for  several  months. 

Lave  ran  and  Mesnil  inoculated  a  goat  with  Tr.  brncci,  and  it  was  still  alive  at  the 
time  of  ])ub]ication  of  their  article,  three  months  later.  They  say  that  the  begin- 
ning of  the  disease  in  these  animals  is  much  the  same  as  in  horses,  the  incubation 
period  being  from  three  to  eight  days,  followed  by  a  rise  of  temperature  to  about 
41°  C.  Parasites  are  only  temporarily  present,  and  are  not  again  found,  but  the 
blood  continues  to  be  infectious  by  inoculation. 

In  our  ex])erience  goats  have  always  proved  susceptible  l)y  inoculation.  Parasites 
are  usually  scarce  in  the  periplieral  circulation,  and  indeed  in  some  of  our  animals 
were  not  found  at  any  time  during  the  disease;  but  the  blood  was  always  infectious 
l)y  inoculation,  and  the  disease  invariably  proved  fatal. 

The  incubation  period  varies  in  length,  and  is  difficult  to  determine  accurately 
without  daily  animal  experiment.  The  temperature  curve  is  illustrated  in  figs.  126- 
128,  140-142,  and  does  not  show  anything  characteristic,  nor  does  it  differ  much 
from  tliat  of  otlier  species  of  animals.  Neither  emaciation  nor  anjcmia  are  marked. 
(Edema  is  nev.  r  })rominent,  and  may  be  entirely  absent.  Paresis  of  the  hind  parts 
was  observed  in  only  one  of  our  animals. 

Goats  manifest  their  illness  by  preferably  lying  in  the  sliade,  and  by  the  listless- 
ness  and  sluggishness  of  their  movements. "^  They  seem  to  suffer  some  pain,  just  as 
is  the  case  with  monkeys. 

Post-mortem  examination  reveals  nothing  characteristic,  tlie  lesions  closely  resem- 
bling those  observed  in  other  animals. 

TRYPANOSOMIASIS    OF    SHEEP. 

Most  authors  writing  of  surra,  nagana,  dourine,  and  mal  d(^  caderas  regard  the 
nature  of  the  disease  in  these  animals  as  very  similar  to  that  in  uoats.  The  sheep 
of  eastern  Africa  are  considered  by  Bruce  to  be  somewhat  refractory.  The  disease  in 
these  animals,  he  says,  runs  a  very  chronic  course,  and  some  of  them  li\  e  for  five 
months. 

Laveran  and  Mesnil  inoculated  a  sheep  with  Tr.  bnicei,  and  in  an  article  pub- 
lished three  months  later  stated  that  it  was  still  living.  They  consider  the  l)egin- 
ning  of  the  disease  much  the  same  as  in  horses.  There  is  generallv  an  incul)ation 
period  of  three  days,  follow^ed  by  the  appearance  of  parasites  and  anV^levation  of  the 
temperature  to  41°  C.  Trypanosoma  then  become  so  rare  that  they  are  not  found  in 
the  blood  by  microscopic  examination,  although  the  blood  is  constantly  infectious 
when  injected  into  mice.  The  temperature  remains  near  40°  C,  with  occasional 
intermissions,  although  it  sometimes  rises  to  41°  C. 

Regarding  one  sheep,  which  lived  exactly  one  hundred  and  ninety-seven  days, 
they  write  as  follows: 

"On  the  sixth  day  after  inoculation  it  showed  a  temperature  of  about  41°  C. 
which  shortly  afterwards  fell  to  between  39°  and  40°  C. ;  on  the  twenty-fourth  day- 
there  was  another  rise  to  41.6°  C,  after  which  the  temperature  remained  for  a  long 


512 


KEPORT    OF    THE    PHILIPPIISE    COMMISBIOK. 


BUREAU  OF  GOVERNMENT  LABORATORIES. 

BIOLOGICAL.  LAIiORATOKY. 


ANIMAL  RECORD. 


Goat  J!^o     143^ 


January  2,             iP^^ 
Weight A^e Sex_ 


Male 


Color . 


Innrnlnfinn- 


Tt*  Bvansi 


Hii>fory       Wealthy  animal  under  observation  for  g  wontha. 
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Fig.  141.— Temperature  record  of  surra  in  a  goat. 
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Pig.  142.--Temperature  record  of  a  goat  repeatedly  inoculated  with  Tr.  evansii;  paraeites  not  found 

by  microscopic  examination. 
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BlG.  144.— Temperature  record  of  surra  iu  a  sheep. 
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Fig.  146. — Temperature  record  of  surra  in  a  guinea  pig. 
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B10I<0<aCAl.  LABORATORY. 
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Fig.  MS.—Temperature  record  of  surra  in  a  rabbit. 
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ltl<i|.U4JlCAL  I.AKOttATCMtV. 
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Fig.  1^0.— Temperature  record  of  surra  in  a  rabbit. 
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time  in  the  neighborhood  of  41°  C,  taking  thirty  days  to  return  to  40°  C. ;  multiple 
aidematons  areas  appeared  in  the  face  and  eyes  an(l  then  in  the  testicles.  It  was 
only  during  this  period  that  lYypanosoma  could  be  found  by  microst^opic  examina- 
tion, and  for  eight  days  there  were  several  in  the  field.  The  (edema  increased  and 
extended  to  the  neck  and  shoulders  (end  of  the  third  month).  Its  disappearance 
was  rapid;  the  animal  (during  the  fourth  and  fifth  months  and  the  first  half  of  the 
sixth)  appeared  well,  the  temperature  being  between  39°  and  40°  C,  but  the  blood 
was  still  virulent.  During  tlie  last  month  the  animal  emaciated  rapidly  and  died 
with  profound  lesions  of  cachexia  and  gelatinous  exudates  of  the  throat,  the 
]>ericardium,  and  the  lips." 

As  with  some  of  the  other  animals,  neither  the  study  nor  the  discription  of  the 
infection  in  sheep  is  as  accurate  as  might  be  desired  for  purposes  of  comparison.  In 
the  Philippine  Islands  they  do  not  appear  to  be  naturally  susceptible  to  the  disease. 
We  have  kept  a  sheep  in  the  same  ground  with  surra  animals  for  several  months, 
but  no  infection  has  resulted. 

The  symptoms,  the  course,  and  the  duration  of  the  disease  in  these  animals  are  so 
similar  to  those  observed  in  the  goat  tliat  a  description  of  them  is  considered  unnec- 
essary. 

TRYPANOSOMIASIS   OF   (UTINEA    PIOS. 

There  are  on  record  a  few  instances  in  which  guinea  pigs  have  been  found  natur- 
ally infected  with  Trypanosomfi,  but  literature  affords  little  detailed  study  of  any  of 
the  forms  of  the  disease  in  these  animals.  It  is  admitted  that  they  are  susceptible 
by  inoculation  to  Tr.  evansiiy  7V.  brncei,  and  Tr.  elmassianii,  while  some  of  them  show 
a  transient  infection  from  Tr.  leivim. 

Laveran  and  Mesnil  noticed  multiplication  forms  on  the  second  and  fifth  days 
after  inoculating  one  of  these  animals  in  the  abdominal  cavity  with  Ti\  letvmi.  Many 
of  the  parasites  in  the  abdominal  cavity  were  in  various  stages  of  digestion  by  the 
large  mononuclear  leucocytes.  There  were  a  few  Trypanosoma  in  the  blood  on  the 
fifth  and  seventh  days. 

Sivori  and  Lecler  give  sixty  days  as  the  average  duration  of  surra  americain  in  these 
animals,  although  it  varies  from  twenty-five  to  one  hundred  and  sixty  days.  In  preg- 
nant females  parasites  are  more  numerous  than  in  other  cases  and  almost  constantly 
present. 

Voges  says  that  one-half  to  two-thirds  of  these  animals  when  inoculated  with  mal 
de  caderas  die  of  the  disease,  the  duration  of  the  disease  in  those  which  finally  suc- 
cumb being  from  two  to  five  months.  He  has  some  guinea  pigs  that  have  been  alive 
for  a  year,  have  grown  fat,  and  have  had  young.  The  generative  power  of  the  male 
suffers  from  the  infection  more  than  does  "that  of  the  female. 

We  have  succeeded,  as  did  Laveran  and  Mesnil,  in  producing  a  slight  infection 
with  Tr.  lewisii,  but  it  is  always  transient  and  devoid  of  symptoms. 

Guinea  pigs  do  not  naturally  contract  any  form  of  trypanosomiasis  in  this  country, 
but  when  inoculated  with  the  Trypanosoma  of  the  present  epidemic  always  show  a 
long  chronic  infection. 

As  nearlv  as  can  be  determined,  the  incubation  period  varies  from  two  to  eleven 
days.  The  duration  of  the  disease  is  from  one  to  four  months,  and  but  few  animals 
recover  from  it. 

The  appearance  of  parasites  in  the  circulating  blood  is  very  intermittent  but 
always  in  sufficient  numbers  for  microscopic  diagnosis,  although  the  blood  is  con- 
stantly infectious  by  animal  experiment.  Sometimes  parasites  are  not  found  by  the 
usual  microscopic  technique  for  days  and  even  weeks. 

The  temperature  curve  (see  fig.  132,  146)  is  very  irregular,  more  so  than  in  any 
other  class  of  animal  with  which  we  have  worked.  The  symptoms  in  general  resem- 
ble those  of  the  rabbit.  CEdema  of  the  genitals  is  marked,  but  in  the  rest  of  the 
body  is  less  prominent  than  in  the  case  of  other  animals.  Anaemia  and  emaciation 
develop  slowly,  but  reach  an  extreme  degree  before  death.  The  hair  falls  out  in 
places  and  small  ulcers  may  appear  on  the  belly  and  the  prepuce  or  vulva.  Partial 
paralysis  of  the  hind  parts  occurs  but  is  not  constant,  being  al)sent  in  some  cases 
while  well  marked  in  others. 

Post-mortem  examination  reveals  a  condition  similar  to  that  observed  in  many 
other  animals.  There  is  as  a  rule  less  fluid  than  is  ordinarily  found  in  the  serous 
cavities  of  other  animals,  and  the  changes  in  the  spleen  are  often  slight.  The  gelat- 
inous infiltrations  in  the  subserous  and  subcutaneous  tissues  closely  resemble  those 
seen  in  the  horse. 
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(loiirme,  but  their  presence  ni  tlie  perii)heral  circulation  was  intermittent  and  bore 
no  relation  to  the  temperature  of  the  animals.  As  the  principal  symptoms  he  ffives 
aMleniaof  the  ears,  falling  out  of  the  hair,  parf;lysis  of  the  hind  parts,  mucous  con- 
jiincxivitis,  which  later  becomes  purulent,  and  cedenia  of  the  genitals.  The  duration 
ot  the  disease  is  from  one  to  four  months.  The  principal  anatomic  lesions  are 
hypenemia  ot  the  abdominal  layers,  inflammation  of  the  spleen  and  liver  and  of  the 
lymphatics  near  the  point  of  inoculation. 

Mai  de  caderas,  according  to  Voges,  lasts  for  one  to  three  months  in  these  animals, 
iarasites  may  not  be  found  in  the  l)lood  for  tiie  first  four  weeks.  The  rabbits 
remain  active  for  w^eeks,  but  toward  the  end  emaciation  is  apparent.  The  fever  is 
very  irregular.  Catarrhal  conjunctivitis  supervenes,  becoming  purulent  and  causino- 
the  lids  to  adhere  to  each  other.  The  hairs  of  the  eyelids  always  drop  out,  and  sigM, 
finally  becomes  greatly  impaired.  Inflammation  of  tlie  nose  occurs,  causing  the 
hairs  to  stick  and  fall  out.  Tlie  testicles  swell,  but  the  |)enis  is  unaffected.  Try- 
imrmscnna  are  found  in  the  inflamed  testicles  and  vulva,  and  on  ne(;ropsy,  indee<l  in 
all  i)arts  of  the  body.  Tlie  spleen  is  enlarged  and  serous  exudates  are  always 
observed.  '^ 

Sivori  and  Lecler,  working  with  the  mrra  americaln  of  South  America,  say  that 
l)arasites  may  l)e  found  in  the  l)lo(jd  eight  liours  following  intraperitoneal  inoculation, 
and  that  the  duration  of  the  disease  is  from  sixteen  to  one  liundred  and  sixteen  days. 
The  disease  is  cliaracterized  by  emaciation,  tumefaction  of  the  eyelids,  purulent 
blefero-conjunctivitis,  and  marked  (edema  of  the  nose,  penis,  and  vulva.  The  tem- 
perature is  irregular  and  w  ithout  relation  to  the  number  of  parasites  in  the  circulating 
blood.  ^ 

Kanthuck,  Durham,  and  Elandford  regard  the  rabbit  as  relatively  immune  to 
nagana.  They  say  that  the  incubation  i)eriod  is  from  five  to  seven  days,  and  the 
duration  from  twenty  to  one  hundred  and  eighty-three  davs,  the  average  l)eing  about 
fifty. 

Laveran  and  Mesnil  consider  it  to  be  a  susceptible  animal.  The  incubation  period 
IS  from  two  to  four  days,  and  the  duration  of  the  disease  from  fifteen  to  thirty, 
althoiigh  death  sometimes  oc'curs  in  five  to  six  days.  Parasites  appear  in  the  perii>h- 
eral  circulation  intermittently.  AYhen  tlie  disease  lasts  twenty  days  or  more,  con- 
junctivitis sets  in  and  the  hair  about  the  eyelids  falls  out;  oedema  of  the  vulva  or 
prepuce  and  forelegs  occurs,  but  the  k^sions  are  always  sliglit.  During  the  whole 
course  of  tlie  disease  tlie  ral)bit  has  a  continuous  temperature,  with  rare  intermissions- 
it  is  generally  above  40°  C.  ' 

In  this  country  rabbits  have  not  been  found  naturally  infected.  They  are  suscep- 
tible by  inoculation  and  afford  most  interesting  subjects  for  the  study  of  the  disease. 
Fig.  183, 147  illustrates  the  course  of  surra  in  these  animals,  as  given  l)y  Lingard. 

The  incubation  period  is  difficult  to  determine  accurately  for  the  reason  that,  con- 
trary to  the  results  obtained  from  many  animals,  it  is  not,  as  a  rul(>,  followed  by  a  sharp 
rise  of  temperature  and  the  appearance  of  parasites  in  the  blood,  a  fact  which  prob- 
ably accounts  for  the  great  variations  in  tlie  length  of  time  assigned  to  it.  In  fact, 
there  does  not  appear  to  be  a  distinct  incu})ation  period  in  all  cases,  for  in  some 
cases  animal  experiment  may  prove  the  blood  infectious  as  early  as  eight  hours 
after  inoculation,  while  in  others  it  does  not  become  so  until  the  fourth  or  fifth  day. 
The  course  of  the  disease  is  somewhat  chronic,  lasting  from  fifteen  days  to  three 
months  or  more,  with  a  mortality  of  100  per  cent. 

It  is  seldom  that  parasites  are  numerous  in  the  peripheral  circulation,  and  deter- 
minations by  simple  microscopic  examinations  show  that  intermissions  are  frequent, 
lasting  from  one  or  tw^o  days  to  several  weeks,  during  which  parasites  are  not  found. 
As  in  other  animals,  however,  the  blood  is  continuously  infectious  by  animal  inocu- 
lation. The  temperature  (see  flgs.  134-185,  148-149)  throughout  the  disease  is  less 
markedly  remittent  than  is  usual  in  most  animals,  while  exacerbations  and  remis- 
sions are  rare. 

Anannia  and  emaciation  come  on  rather  slowly,  but  develop  to  an  extreme  degree 
before  death.  Watery  discharges  from  the  nose  and  eyes  appear  early,  gradually 
becoming  muco-purulent  and  tenacious,  solidifying  on  the  margins  of  the  eyelids  and 
nose  and  incrusting  and  entangling  the  long  hairs,  which  fall  out  and  leave  excori- 
ated surfaces.  (See  fig.  136,  150.)  OCdema  occurs  around  the  base  of  the  ears,  the 
nose,  and  the  abdomen,  involving  especially  the  scrotum,  which  becomes  enormously 
distended  and  may  break  open  and  suppurate.  (See  fig.  137,  151.)  There  is  a  dis- 
charge from  the  prepuce  similar  to  that  from  the  eyes  and  nose.    In  the  female  the 
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external  genitals  are  scarcely  less  affected  than  in  the  male.  Urticarial  eruptions  and 
falling  out  of  the  hair  are  common  symptoms.  Lameness  of  the  hind  parts  occurs 
in  most  cases,  and  may  reach  such  a  degree  that  the  posterior  extremities  become 
useless.  The  subcutaneous  lymphatics  are  often  palpable,  and  in  some  instances 
swelling  of  the  joints  occurs. 

Necropsy  reveals  lesions  similar  to  those  observed  in  other  animals.  The  lym- 
phatics, particularly  of  the  inguinal  and  postperitoneal  regions,  are  somewhat 
enlarged  and  red  in  color.  The  serous  sacs  contain  fluid  and  often  show  fibrinous 
flakes  over  the  surfaces  and  adjacent  organs.  The  spleen  is  usually  enlarged  and 
friable,  but  a  typical  acute  splenic  tumor  is  often  seen,  while  "  sago  spleen''  occasion- 
ally occurs. 

TRYPANOSOMIASIS  OF  CATS. 

Cats  are  reported  susceptible  by  inoculation  to  surra,  nagana,  dourine,  and  mal  de 
caderas,  but  the  course  of  the  disease  does  not  seem  to  have  been  carefully  studied 
in  them.  Fig.  152  illustrates  the  course  of  the  temperature  in  surra,  as  given  by 
Lingard.     Fig.  153  that  of  ''surra  americain,"  as  given  by  Sivori  and  Lecler. 

In  the  Philippine  Islands  they  are  susceptible  to  the  infection  by  any  of  the  usual 
forms  of  inoculation.  The  incubation  period  is  from  two  to  five  days,  the  course 
rapid,  varying  from  three  to  fifteen  days,  and  the  mortality  100  per  cent. 

Parasites  are  constantly  present  in  the  blood,  but  vary  considerably  in  numbers  at 
different  times.    The  temperature  curve  is  illustrated  in  figs.  154-155. 

Skin  lesions  in  these  animals  are  very  prominent  and  are  similar  to  those  described 
for  dourine.  Urticarial  and  macular  eruptions  are  common,  and  not  a  few  animals 
show  phlegmanous  ulcers,  particularly  on  the  abdomen  and  flanks.    CEdema  is  slight. 

The  hair,  particularly  about  the  nose  and  eyes,  becomes  rough  and  falls  out.  Pro- 
fuse discharges  from  the  nose  and  eyes,  resembling  those  in  the  case  of  the  rabbit, 
are  a  usual  symptom.  Cloudiness. of  the  fluid  in  the  anterior  chamber  and  opacity 
of  the  cornea  may  occur  in  one  or  both  eyes.  Anaemia  is  profound  and  emaciation 
moderate.  The  appetite  is  usually  poor,  but  the  bowels  remain  normal.  Tendency 
to  paralysis  in  the  hind  quarters  was  noticed  in  only  one  animal. 

Necropsy  reveals  the  usual  lesions,  in  addition  to  the  changes  already  mentioned 
as  present  during  life.  The  acuteness  of  the  disease  in  these  animals  probably 
accounts  for  the  fact  that  the  lesions  are  less  pronounced.  The  spleen  is  enlarged, 
but  assumes  more  nearly  the  type  of  acute  splenic  tumor,  while  subserous  hemor- 
rhages are  numerous. 

TRYPANOSOMIASIS   OF  RATS  AND   MICE. 

Tr.  levmii,  the  common  Trypanosoma  of  rats,  has  already  been  described.  Most 
writers  agree  that  it  is  harmless  for  rats  and  noninfectious,  by  inoculation  or  other- 
wise, for  other  animals.  .  i-    i 

Large  numbers  of  rats  have  been  found  naturally  infected  in  various  parts  of  the 
world;  a  partial  list  of  the  regions  is  as  follows:  Lewis,  in  Calcutta,  found  29  per  cent 
infected;  in  Bombay,  Carter  found  12  per  cent  infected  and  Lingard  30  per  cent; 
Koch,  in  Africa,  41.7  per  cent;  Crookshank,  in  London,  25  per  cent;  Rabinowitsch 
and  Kempner,  in  Berlin,  41.8  per  cent;  Laveran  and  Mesnil,  in  Paris,  4.6  per  cent; 
Baillet,  in  Alfort,  a  large  percentage;  Chemette,  at  Lille,  a  large  percentage;  Sivori 
and  Lecler,  at  Buenos  Ayres,  3  per  cent,  and  Chalachnikow  and  Danilewsky,  in  Russia, 
found  the  infection  present.  In  Togo  eight  rats  examined  were  negative  (Luman). 
Voges,  in  South  America,  did  not  find  these  animals  naturally  infected.  In  a  per- 
sonal letter  Kitaspto,  in  Japan,  states  that  many  of  the  rats  there  harbor  the  i)arasite. 

In  Manila  rats  Tr,  lewisii  has  been  found  in  from  20  to  65  per  cent  of  the  individ- 
uals examined,  varying  according  to  the  season  and  the  locality  from  which  they 
were  received. 

Van  Dyke  Carter  inoculated  dogs,  cats,  horses,  and  monkeys  with  rat  Trypanosoma 
and  always  obtained  negative  results.  Koch  failed  permanently  to  transfer  the 
infection  to  other  animals.  He  gave  a  rat  Tr.  lewisii  and  Tr.  evansii  and  afterwards 
found  both  in  its  blood.  He  then  inoculated  a  dog  with  some  of  this  rat's  blood, 
and  the  animal  contracted  the  disease,  but  its  blood  was  found  to  contain  only  Tr. 
evansii.  The  efforts  of  Babinowitsch  and  Kempner  to  inoculate  other  animals  with 
Tr.  lewisii  proved  unsuccessful.  In  their  experiments  they  used  white  and  gray 
mice,  field  mice,  guinea  pigs,  rabbits,  dogs,  goats,  horses,  and  hamsters. 

Lingard,  on  the  other  hand,  inoculated  twelve  horses  with  infected  rat  blood,  and 
four  of  them,  after  an  average  of  seven  days,  died  of  a  virulent  form  of  surra.  He 
argues  that  some  Tr.  lewisii  are  infectious  for  other  animals,  as  demonstrated  by  hie 
experiments.    This  statement  has  caused  considerable  confusion,  and  his  work  has 
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been  questioned.  Judging  from  our  observations  in  Manila,  it  would  appear,  however, 
that  Lingard's  mistake  consisted  in  considering  these  pathogenic  parasites  Tr.  lewmL 

Kanthuck,  Durham,  and  Blandford  showed  rats  to  be  refractory  to  a  second  inocu- 
lation with  Tr.  letvisii  Kabinowitsch  and  Kenipner  noticed  that  some  rats  are  abso- 
lutely refractory  to  these  parasites,  but  that  most  of  them  are  susceptible.  After 
inoculations  iiito  the  abdominal  cavity  Trypanosoma  were  found  to  be  present  in  the 
blood  after  from  three  to  seven  days,  and  occasionally  at  the  end  of  twenty-four 
hours.  In  rats  inoculated  in  the  abdominal  cavity  they  found  multiplication  forms 
to  be  mimerous  in  the  exudate  during  twenty-four  to  thirty-six  hours,  at  the  end  of 
whicli  they  disappeared  permanently  from  trie  abdominal  cavity  to  reappear  in  the 
blood.  Rats  could  not  be  given  a  second  infection,  no  matter  how  large  the  dose  of 
infected  blood  used;  and  they  employed  the  important  fact  that  some  of  the  animals 
are  refractory  as  a  basis  for  the  preparation  of  a  specific  serum. 

Laveran  and  Mesnil  in  general  confirmed  Kabinowitsch  and  Kempner's  work  and 
in  addition  showed  that  the  young  born  of  immune  mothers  are  very  slightly  if  at 
all  immune.  They  also  demonstrated  that  the  agglutinating  properties  of  the  blood 
are  not  transferred  to  young.  In  immune  rats  Trypanosoma  are  destroyed  in  the 
abdominal  cavity,  and  tlie  agglutinative  power  of  the  blood  lasts  no  longer  than  the 
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preventive.  In  their  opinion  the  treatment  of  rats  with  serum  in  nnsncessful.  They 
state  tliat  as  a  rule  the  parasites  appear  in  the  blood  at  the  end  of  twenty-four  hours, 
and  that  in  not  a  few  cases,  especially  in  young  rats,  they  are  found  in  considerable 
numbers  before  this  time.  However,  many  cases  came  under  their  observation  in 
which  the  parasites  did  not  appear  in  the  blood  until  two  to  seven  days  after  inocu- 
lation, and  indeed  in  a  few  instances  no  infection  resulted  at  all. 

Adult  parasites  are  the  first  to  be  seen  in  the  blood,  then  there  is  a-  period,  rarely 
extending  beyond  the  eighth  day,  when  multiplication  forms  may  be  observed,  after 
which  adult  parasites  are  visible  throughout  the  course  of  the  disease.  They  believe 
multiplication  to  take  place  in  the  abdominal  cavitv  during  the  period  from  the  first 
to  the  fourth  day,  and  in  the  blood  between  the  fourth  and  the  eighth  days,  after 
which  time  multiplication  forms  are  no  longer  present. 

Infection  of  these  animals  with  Tr.  lewisii  lasts  from  twenty  days  to  four  months  or 
more.  In  old  ones  the  Trypanosoma  often  disappear  in  two  to  ten  days,  and  in  these 
no  active  immunity  is  established.  Subcutaneous  inoculations,  according  to  tliese 
authors,  give  infections  which  are  less  severe  than  those  produced  by  other  methods. 
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Blood  infected  with  Tr.  lewisn  and  kept  on  ice  does  not  give  an  increased  incuba- 
tion period  or  produce  any  alteration  of  tlie  infection,  as  lon^  as  motile  parasites  are 
found  to  be  present.  If,  however,  the  blood  is  allowed  to  remain  for  a  considerable 
length  of  time  (forty-seven  days),  the  incubation  period  is  increased  from  six  to  nine 
days,  and  the  infection  is  less  severe.  After  fiftv-one  davs  or  more  on  ice  the  blood 
no  longer  contains  living  parasites,  but  is  still  infectious  for  rats,  with  an  incubation 
period  of  twenty-seven  days.  All  writers  agree  that  rats  infected  with  Tr.  lewisn 
show  no  symptoms  of  illness.  The  constant  anatomic  lesion  is  hvpertrophy  of  the 
spleen. 

Our  work  as  a  whole  has  been  in  conformity  with  that  of  others.  In  the  thousands 
of  rats  found  to  be  naturally  infected  w4th  Tr.  leimm  and  in  those  inoculated,  we 
have  never  observed  either  apparent  illness  or  death  which  could  positively  be 
attributed  to  infection  with  this  parasite,  although  it  was  present  in  enormous  num- 
bers in  the  circulating  blood.  Our  observations  have  been  exceptionally  easy  on 
account  of  the  great  number  of  rats  furnished  the  laboratory  for  examination  to 
determme  the  possibility  of  their  infection  with  plague,  since  this  disease  has  become 
endemic  in  Manila. 

Very  little  is  found  in  literature  relating  to  the  clinical  manifestations  and  morbid 
anatomy  of  surra  in  rats.  We  have  not  seen  a  specific  reference  to  the  natural  infec- 
tion of  these  animals  by  Tr.  evansii,  though  from  our  experience,  which  is  to  be 
described  later,  it  is  believed  that  Lingard  must  in  some  of  his  experiments  have 
been  working  with  such  an  infection. 

Lingard  states  that  the  latent  period  in  Mas  decumanus,  as  developed  by  the  sub- 
cutaneous inoculation  of  0.1  to  0.2  c.  c.  of  virulent  blood,  varies  from  one  to  two 
days;  and  in  Nesokia proiidens,  by  subcutaneous  inoculation  of  0.2  c.  c,  from  two  to 
five  days. 

Kanthuck,  Durham,  and  Blandford  state  that  rats,  when  inoculated  with  nagana- 
mfected  blood,  often  exhibit  convulsive  seizures  just  before  death,  but  otherwise 
show  no  symptoms  of  the  disease,  except  dullness  in  the  later  stages.  Transmission 
from  one  animal  to  another  by  coition,  by  suckling,  or  by  anv  other  method  than 
by  direct  inoculation  w^as  not  observed.  Infected  mice  lived  from  eight  to  twenty- 
five  days  and  rats  from  six  to  twenty-six  days. 

As  the  mor!)id  anatomy  of  nagana  in  rats  and  mice,  they  descrite  lymphatic 
hyperplasia,  most  noticeable  near  the  point  of  inoculation,  congestion,  cedema,  and 
occasionally  hemorrhages  of  the  glands,  great  enlargement  of  the  spleen,  which  is 
generally  firm,  friable,  and  dark  in  color,  enlargement  and  fattiness  of  the  liver,  and 
occasionally  a  small  amount  of  fluid  in  the  pleural  cavity. 

Laveran  and  Mesnil  state  that  in  rats  and  mice  of  all  varieties,  including  white 
ones,  nagana  has  a  perfectly  regular  course.  No  symptoms  are  manifest,  the  animal 
appearing  well  until  near  death.  Mice  appear  sleepy  and  die  without  suffering  from 
dyspncjea.  One  mouse  had  convulsions  two  hours  before  death.  Some  rats  die  with 
the  same  symj)toms  as  mice,  but  most  of  them  show  great  agitation  just  before 
death,  crying  out  and  dying  in  severe  convulsions.  There  are  no  sensible  variations 
of  temperature  in  these  animals.  Parasites  appear  in  the  blood  twenty-four  hours 
or  more  after  inoculation  in  the  abdominal  cavity,  and  on  the  second  or  third  day 
after  subcutaneous  inoculation.  They  progressively  increase  in  number  until  death. 
In  white  rats  and  mice  death  occurs  in  two  and  one-half  to  three  days  after  intra- 
peritoneal inoculations,  and  after  three  and  one-half  to  five  days  following  subcu- 
taneous inoculations.  Wharf  rats  (Mus  decumanus)  die  in  about  the  same  length  of 
time  as  white  rats  {Mus  rattus). 

According  to  Rouget,  mice  inoculated  with  Trypanosoma  oi  dourine  show  no  symp- 
toms until  near  death,  when  the  hair  becomes  rough  and  the  cornea  cloudy.  Tlie 
post-mortem  changes  observed  are  hyperemia  of  the  abdominal  layers,  inflammation 
of  the  liver  and  spleen  and  of  the  lymphatics  near  the  point  of  inoculation.  Para- 
sites are  found  in  all  of  the  organs  and  fluids  except  the  intestines  and  the  urine. 

Voges  says  that  death  may  occur  without  any  preceeding  signs  of  illness.  In  rats 
and  mice  inoculated  with  the  Trypanosoma  of  mal  de  cadras  there  may  be  a  few 
hours  of  comatose  condition.  The  duration  of  the  disease  in  these  animals  is  given 
at  about  four  weeks. 

As  has  been  stated  above,  the  natural  infection  of  rats  wdth  the  Trypanosoma, 
which  cause  the  disease  in  domestic  animals  has  not  before  been  reported,  except 
perhaps,  by  Lingard,  who,  if  such  was  the  case  in  his  work,  misinterpreted  his 
results. 

In  a  preliminary  report  on  Trypanosomiasis  in  the  Philippine  Islands,  published  as 
Bulletin  No.  3,  of  the  bureau  of  government  laboratories,  1903,  Musgrave  and  Wil- 
liamson reported  that  a  certain  number  of  rats  in  Manila  were  found  to  be  infected 
with  the  Trypanosoma  which  in  this  country  causes  surra  in  horses.     This  discovery 
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was  brc.ught  about  by  accident,  while  the  authors  were  attempting  to  immunize  a 
monkey  with  a  parasite  supposed  to  be  IV.  lewisii.  As  a  result  the  animal  contracted 
surra  and  died.  At  first,  following  Lingard,  we  thought  this  to  be  a  pathogenic  Tr. 
lewisii,  or  supposed  accidental  infection  with  Tr.  evansii  to  have  occurred;  but  more 
careful  study  and  the  n^petition  of  the  experiment  with  the  greatest  precautions  has 
demonstrated  tliat  a  small  percentage  of  these  rats  harbor  the  parasite  causing  the 
disease  in  the  horse.  This  Trypanosoma  has  the  same  morphologic  characteristics 
and  upon  inoculation  is  infectious  for  the  same  animals,  producing  the  same  disease 
with  the  same  incubation  period,  course,  termination,  and  lesions. 

Wild  rats  are  very  unsatisfactory  material  to  work  with,  because  so  many  die  after 
being  in  captivity  a  short  time.  The  duration  of  life  is  so  uncertain  that  but  little 
confidence  can  be  plac3d  in  results,  even  when- control  animals  are  used.  The  ones 
which  live  for  a  week  or  more  after  caging  are  likely  to  survive  for  some  time,  and  in 
order  to  obtain  the  best  results  these  have  been  employed  as  far  as  possible  in  our 
experiments. 

As  has  been  shown  in  other  countries  during  the  study  of  the  disease  in  these  ani- 
mals, the  infection  is  not  evidenced  by  any  symptoms  of  moment  until  just  before 
death,  when  convulsions  often  occur.  Too  much  importance  should  not  be  attached 
to  this  symptom,  for  time  and  agai.i  we  have  seen  our  control  animals  die  in  the 
same  manner.  Wild  rats  suffer  such  great  excitement  during  the  taking  of  tempera- 
ture that  no  conclusions  can  be  based  upon  the  results.  We  must  therefore  believe 
that  rats  and  mice  infected  with  surra  show  no  constant  symptoms  of  practical  signifi- 
cance. Some  of  the  rare  manifestations  are  cloudiness  of  the  fluid  in  the  anterior 
chamber,  falling  out  of  the  long  hairs  about  the  head,  and  in  a  few  cases  a^dema  and 
a  tendency  to  paralysis  of  the  hind  quarters.  The  incubation  period,  as  determined 
by  the  appearance  of  parasites  in  the  peripheral  circulation,  varies  from  a  few  hours 
to  five  days  or  more,  i  nd  the  duration  is  from  two  to  twelve  days. 

The  post-mortem  examination  shows  an  enlarged  spleen,  which  may  be  hard  and 
friable,  or  more  nearly  approach  acute  splenic  tumor,  with  the  organ  usually  dark 
in  color,  and  there  is  generally  enlargement  of  the  lymphatics,  especially  of  the 
inguinal  region,  which  may  be  hemorrhagic.  The  changes  in  the  other  organs  are 
not  significant,  except  in  a  small  number  of  cases  which  show  gelatinous  infiltrations 
of  the  subc;utane(jus  and  subserous  tissues. 

These  lesions,  particularly  the  enlarged  spleen,  are  found  in  rats  dying  from  infec- 
ticn  with  Tr.  leurisH,  which  is  considered  harmless.  After  discovering  that  a  number 
of  rats  harbor  Tr.  evansii  we  suspected  the  ones  which  died  supposedly  from  Tr. 
lewisii  and  showed  enlarged  spleen,  etc.,  post-mortem  to  be  in  reality  infected  with 
Tr.  evansii;  but  animal  experiment  absolutely  disproved  this  theory. 

The  study  of  trypanosomiasis  in  rats  has  not  been  completed.  It  is  certain  that 
rats  in  Manila  may  be  infected  both  with  a  Trypanosoma  harmless  by  inoculation  to 
other  animals  and  with  one  pathogeaic  for  them.  These  parasites  correspond  micro- 
scopically to  the  descriptions,  respectively,  of  Tr,  letvisH  and  of  Tr.  evansii.  We  are 
not  fully  convinced  that  Tr.  lewisii  is  always  harmless  for  rats,  or  that  some  of  the 
rats  in  Manila  do  not  even  harbor  a  third  species  of  parasite. 

TRYPANOSOMIASIS   OF   FROGS,    FISH,    AND   FOWLS. 

Trypanosoma  have  been  found  in  frogs  obtained  from  points  scattered  over  a  large 
area  of  the  world,  but  they  are  usually  considered  harmless  in  these  animals.  The 
infection,  so  far  as  we  have  been  able  to  determine,  is  not  artificially  transferable 
from  frog  to  frog  or  from  frogs  to  other  animals.  As  already  mentioned,  we  have 
not  been  able  to  find  Trypanosoma  in  the  blood  of  frogs  in  this  country,  and  these 
batrachians  have  not  been  proved  to  be  susceptible  by  inoculation  with  any  of  the 
Trypanosoma  we  have  studied. 

A  number  of  observers  have  found  fish  harboring  Trypanosoma^  but  all  agree  that 
no  symptoms  are  produced.  The  species  reported  as  infected  are  trout,  pike,  redeyes, 
soles,  and  salt-water  fish  of  the  Mediterranean  (species  not  given).  The  different 
species  of  these  parasites  have  already  been  discussed. 

Laveran  and  Mesnil,  whose  woi  k  is  the  most  important  in  this  line,  found  the 
infection  of  the  redeye  with  Trypanoplasma  to  be  very  common,  but  proved  the  young 
rarely  to  be  infected.  In  the  sole,  however,  trypanosomiasis  is  uncommon,  being 
found  in  only  four  cases  out  of  a  la  ge  number  of  fish  examined.  They  did  not 
observe  any  symptoms  of  disease  in  fish  caused  by  Tnjpanosoma  and  were  unable  to 
transfer  the  infection  by  inoculation.  Doflein,  during  a  fatal  epidemic  in  fish,  found 
Trypanosoma  in  a  number  of  the  diseased  ones,  but  he  was  not  sure  of  any  pathogenic 
action  of  the  parasites. 
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We  have  examined  a  luinibor  of  fresh  and  salt  water  sjKicies  of  fish  in  Manila,  but 
have  been  unable  to  find  Triipanosoma  in  any  of  them,  nor  have  we  been  able  to 
infect  them  witli  7>.  Icwmi  or  2V.  eransii 

It  has  already  been  shown  in  the  discussion  of  Trypanosoma  that  some  birds  are 
occasionally  found  to  liarboraspeciiic  IViipanosoina,  which,  however,  does  not  appear 
harmful  to  them.  AVith  reference  to  the  inoculation  of  Tr.  evansliy  IV.  briicei,  1)\ 
rougdji,  and  Tr.  ehnassiann  into  birds,  the  evidence  is  somewhat  contradictory  for 
the  different  species.  Most  writers  agree  that  birds  are  not  susceptible  tc  infection, 
but  A'oges,  writing  of  mal  de  caderas,  considers  turkeys,  ducks,  and  chickens  sucep- 
tible  by  inoculation.  He  says  that  chickens  die  in  from  two  to  three  weeks,  in  great 
agony,  from  either  subcutaneous  or  intraperitoneal  injections.  The  only  symptom 
noticed  is  emaciation,  and  parasites  are  very  few  in  number  in  the  circulation. 

We  have  so  far  experimented  wuth  several  varieties  of  birds,  including  maya,  pig- 
eons, doves,  and  chickens,  but  have  been  unable  to  infect  them.  No  symi)toms  are 
produced,  parasites  are  not  found,  and  the  blood  proves  noninfectious  when  inocu- 
lated into  susceptible  animals. 

TRYPANOSOMIASIS   OF   MAN. 

In  1898  Kepveu  published  an  account  of  the  occurrence  of  Trypmionoraa  in  human 
beings.     An  extract  from  his  article,  translated,  reads  as  follows: 

'SSo  far  Triipavowma  have  been  found  only  in  the  blood  of  animals.  In  India 
they  have  l)een  found  in  the  blood  of  the  rat  (Lewis),  the  horse  (surra  epidemics), 
the  dog,  and  the  domesticated  elephant.  In  Africa  they  have  been  discovered  in 
the  disease  caused  by  the  tsetse  fly,  and  in  Europe  in  the  blood  of  the  rat,  the  rabbit, 
various  l)irds,  and  the  frog.  No  one  seems  to  have  as  yet  observed  them  in  man, 
although  Laveran  states  that  Barron  found  certain  flagellated  protozoa  of  an  unde- 
termined genus  in  the  blood  of  an  anaemic  woman.  Jn  1890,  while  making  researches 
on  malarial  parasites  in  Algiers,  I  found  flagellates  in  the  blood  of  a  patient,  besides 
LavemnUf,  and  I  was  able  to  count  three  to  each  preparation  of  18  square  millime- 
ters. At  al)out  that  time  (see  Nepveu,  Etudes  sur  les  Parasites  du  Sang  chez  les 
Paludiqucs,  21,  1891,  in  Bulletin  et  Memoires  de  la  Societe  de  Biologic)  I  pubhshed 
some  of  the  drawings  I  liad  so  far  collected.  I  hoped  then  tliat  1  might  be  able  to 
complete  my  first  observations  by  a  more  detailed  study,  but  since  then  I  have 
rarely  been  able  to  find  the  parasites.  I  have,  therefore,  decided  to  publish  the  fol- 
lowing facts,  in  the  hope  of  drawing  the  attention  of  such  naturalists  and  physicians 
as  will  have  tlie  opportunity  of  completing  these  researches.     *    *    * 

'*In  over  200  patients,  mostly  malarial,  of  whom  I  have  examined  the  blood,  I 
have  found  these  various  forms  of  Tryjxtnosoma  in  only  six,  three  of  whom  were 
suffering  from  quotidian  fever  (Khill,  Langevelle,  and  "^Bichielli),  one  from  double 
tertian  (Hendrick),  and  two  from  pernicious  comatose  fever  (Cabane  and  Ginestet), 
while  the  seventh  observation  was  made  on  Doctor  X,  who  was  apparently  in  good 
health.  In  none  of  these  patients  have  I  been  able  to  observe  any  symptoms  char- 
acteristic of  this  special  parasitic  invasion.  They  were  almost  all  suffering  from  the 
effects  of  Lavenxnia,  which  j)revailed  everywhere  in  its  various  forms.  This  seems, 
therefore,  purely  a  coincidence,  which  has  appeared  to  me  worthy  of  notice." 

His  article  attracted  very  little  attention,  some  writers  mentioning  his  >vork  with 
the  remark  that  his  descriptions  were  inaccurate,  and  many  overlooking  it  entirely. 
He  did  not  attach  clinical  importance  to  the  appearance  of  these  i>arasites  in  the 
blood,  but  his  remarks  regarding  them  seem  to  us  perfectly  clear  as  to  the  occur- 
rence of  Trypammntia  in  the  blood,  sufficiently  so  as  to  entitle  him  to  credit  for  pri- 
ority in  the  discovery  of  Trypanosoma  in  the  human  blood.  His  description  does 
not  appear  sufficiently  ample  to  designate  the  species  of  his  parasite;  but  when  one 
considers  the  confusion  which  exists  even  at  the  present  time  regarding  the  classifi- 
cation of  these  organisms,  Nepveu  can  not  be  denied  the  credit  because  in  1898  he 
failed  to  classify  his  Trypanosoma.  The  parasites  more  rec^ently  discovered  in  human 
blood,  as  in  big  case,  have  not  been  clearly  classified.     Nepveu  observed  seven  cases. 

The  eighth  case  of  trypanosomiasis  in  man  is  published  in  the  British  Medical  Jour- 
nal for  January  1,  1902,  in  an  editorial  and  telegram  from  Button,  in  which  he 
announces  the  discovery  of  Trypanosoma  in  a  European,  who  displayed  peculiar 
symptoms.  The  same  journal  for  January  11,  1902,  contains  a  letter  from  Ross,  in 
which  he  gives  Button  credit  for  the  following  clinical  data: 

''The  patient  has  been  suffering  from  a  form  of  relapsing  fever  with  peculiar  oedema 
of  the  eyelids  and  pufiiness  of  the  face,  also  oedema  of  the  legs,  general  weakness, 
abnormal  frequency  of  pulse  and  respiration,  and  enlarged  spleen.  There  was  no 
organic  lesion  of  the  heart  and  kidneys,  and  no  malarial  parasites  were  found  after 
repeated  examinations.    The  relapsing  fever  recalls  that  of  horses  suffering  from  the 
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same  parasite.  It  is  not  yet  certain  whetlier  the  parasite  api)roxlmates  Tr.  hrucei  or 
Tr.  lewisii.^^ 

Diitton  considers  the  most  vahiable  features  presented  by  his  ease  as  (1)  its  chronic 
conrse,  (2)  the  general  wasting  and  weakness,  (3)  the  irregular  rise  of  temperature, 
which  is  never  very  liigh  and  of  a  relapsing  type,  (4)  the  local  o3denias,  (5)  tlie  con- 
gested areas  of  the  skin,  (6)  the  enlargement  of  the  spleen,  and  (7)  the  constant 
increased  frequency  of  pulse  and  respiration  (hurried  breathing). 

He  examined  the  blood  of  150  healthy  children  between  the  ages  of  1  and  15 
years,  natives  of  Gambia,  and  says  that  he  found  Trypanosoma  a])parently  identical 
with  those  observed  in  the  European— the  ninth  case.  This  child  is  reported  as 
sliowing  no  clinical  evidence  of  the  disease. 

Forde  (Journal  Tropical  Medicine,  Septend:>er  1,  1902)  ])ublishes  the  case  already 
described  by  Dutton.  lie  deals  particularly  with  its  history  and  symptoms  previous 
to  Dutton' s  personal  ol)servations. 

The  patient  was  a  European,  42  years  old,  and  at  the  time  he  came  under  Doctor 
Forde's  care,  May  10,  1901,  at  the  Colonial  Hospital,  Bathurst,  was  a  man  of  robust 
constitution,  living  a  regular  and  steady  life. 

He  was  at  first  thought  to  be  suffering  from  malarial  fever,  but  quinine  produced 
very  little  change  in  the  course  of  the  temperature.  His  blood  was  examined  and 
malarial  parasites  were  not  found,  but  in  nearly  every  specimen  Forde  found  '^  small 
worm-like  bodies,"  which  he  at  first  considered  a  species  of  Filaia.  After  rei>eated 
observations,  however,  the  diagnosis  became  doubtful,  and  he  associated  these  bodies 
with  the  symptoms  of  the  disease. 

The  patient  was  invalided  to  Europe  and  returned  to  Bathurst  in  December,  1901. 
At  this  time  Doctor  Dutton,  being  informed  of  the  case  and  examinlTig  the  patient's 
blood,  again  found  parasites,  and  immediately  recognized  them  as  Tnjpanmoma. 

Forde  gives  as  the  (;hief  chara(;teristics  of  this  case:  (1)  The  irregular,  intermittent 
temperature;  (2)  the  (edematous  condition  of  the  face  and  lower  extremitit^s;  (3)  the 
rapid  and  variable  pulse  and  respiration,  unaccompanied  by  any  evident  cause;  (4) 
the  loss  of  w^eiglit,  witli  marked  debility,  wasting,  and  lassitude;  (5)  the  persistence 
of  these  symptoms  and  their  resistance  to  treatment. 

In  the  Journal  of  Tropical  Medicine  for  Noveniber  1,  1902,  is  published  ''A  case 
of  trypanosomiasis  in  a  European,"  under  the  care  of  Doctor  IVIansou — the  tenth 
case.  Manson  had  been  struck  by  the  peculiar  clinical  features  of  Forde' s  case,  its 
chronic,  irregular  fever,  the  enlargement  of  the  spleen,  the  (cdema,  especially  of  the 
face,  and  the  very  well  marked  erythema  multiforma  scattered  over  the  trunk 
and  limbs. 

The  patient  under  Manson' s  observation  was  the  wife  of  a  missionary,  who  had 
resided  on  the  upper  Kongo  for  about  a  year,  and  had  been  sent  to  Manson  by 
Habershon,  She  had  been  suffering  while  on  the  Kongo  from  an  irregular  fever, 
which  was  still  present  wdien  she  came  under  observation,  tliough  she  had  l)een 
living  in  England  for  the  past  eight  months,  and  had  been  drugged  with  quinine 
and  arsenic. 

On  examining  her  Manson  recognized  the  same  grouping  of  symptoms  he  had 
seen  in  Forde' s  case.  The  patient  w^as  admitted  to  the  hospital  and  her  blood  was 
examined  daily  for  two  weeks,  but  no  Trypanosoma  w^ere  found.  While  arrange- 
ments were  being  made  to  test  the  tentative  diagnosis  by  injecting  l)lood  into  animals, 
Doctor  Daniels,  while  making  a  blood  count,  found  a  Trypauomma,  and  on  sul)se- 
quent  examinations  more  parasites  were  observed.  In  the  British  Medical  Journal, 
May  30,  1903,  this  case  is  accurately  described  by  Manson  and  Daniels. 

Manson  i)ublishes  the  eleventh  case  of  trypanosomiasis  in  human  beings.  The 
patient  was  a  European  lady  who  had  resided  on  the  Kongo.  In  this  case  an  erytliem- 
atous  rash  was  a  prominent  symptom,  preceding  or  accompanying  the  attacks  of 
fever,  which  occurred  every  ten  days  and  lasted  each  time  for  about  three.  Tlie 
cause  of  the  disease  is  attributed  to  the  bite  of  some  insect  on  the  foot.  _  Mans(m  is 
inclined  to  attribute  significance  to  a  tick  {Argas  rnoubafa,)  as  a  transmitter  of  the 
infection.     Baker  has  recently  reported  three  more  cases  in  human  beings  in  Uganda. 

Broeden,  according  to  a  letter  received  by  Doctor  Manson,  has  discovered  two 
more  cases  in  human  beings— the  twelfth  and  thirteenth.  Botli  of  these  were 
Europeans. 

Of  the  sixteen  cases  of  trypanosomiasis  in  man,  two  have  been  in  apparently 
liealthy  persons,  six  associated  with  malarial  fever,  and  eight  bave  shown  clinical 
symptoms  apparently  entirely  due  to  the  infection  with  Trypanosoma.  In  these  five 
cases  the  clinical  picture,  which  has  already  been  reviewed,  w  as  peculiar  and  quite 
similar. 

Castellani  has  reported  the  discovery  of  a  Trypanosoma  in  the  cerebro-spinal  fluid 
of  20  out  of  34  cases  of  sleeping  sickness.  He  has  described  the  parasite  and  pro- 
posed the  name  Tr.  ugandense.     Bruce  has  continued  Castellani' s  work,  and  has 
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reported  to  the  Royal  Society  the  discovery  of  Trypanosoma  in  tlie  flni(i  obtained  by 
lumbar  punctures  in  all  of  the  38  eases  examined,  and  in  12  out  of  13  of  these  cases 
he  found  the  Trypanomma  also  in  the  blood.  The  importance  of  this  (Uscovery  can 
hardly  be  estimated  at  the  present  time,  but  it  is  certainly  additional  evidence  of  the 
increasing  importance  of  this  subject.  Lieshman  has  also  recently  reported  the  pos- 
sible appearance  of  Trypanosoma  in  the  blood  of  i)atients  suffering  with  '^ dumdum" 
fever  in  India. 

Since  the  beginning  of  the  present  work  in  Manila  constant  vigilance  has  been 
observed  in  order  to  discover  the  infection  in  man,  but  so  far  with  negative  results. 
Neither  the  clinical  symptoms  nor  the  parasites  have  been  found.  The  blood  of 
hundreds  of  cases  of  persons  ill  and  in  health  has  been  examined,  particularly  that 
of  persons  who  have  come  in  close  and  frequent  contact  witli  animals  suffering  from 
the  disease.  Both  writers  of  this  article  have  repeatedly  performed  post-mortem 
examinations  on  animals  wdiich  had  been  but  a  few  minutes  dead  of  the  disease,  and 
have  been  bitten  by  tiies  covering  the  infected  organs,  but  without  the  slightest 
inconvenience.  A  number  of  assistants  during  the  course  of  the  work  have  often 
exposed  open  skin  wounds  to  infection,  both  by  blood  directly  and  by  biting  flies, 
but  all  with  negative  riesults. 

The  reported  cases  show  conclusively  that  human  beings  may  become  infected, 
and  we  shall  continue  our  observations  in  this  country,  where  the  constant  presence 
of  the  disease  in  animals,  the  sanitary  conditions,  and  the  an<x^mic  state  of  most  of 
the  inhabitants  would  lead  us  to  expect  a  case  eventually  to  occur  in  a  human  being. 

TRYPANOSOMA    OF    MISCELLANEOUS   ANIMALS. 

Here  we  shall  briefly  mention  the  notes  found  in  literature  relating  to  such  animals 
as  have  contracted  the  disease,  but  in  the  case  of  which  the  clinical  manifestations 
have  been  given  but  little  detailed  discussion  and  on  which,  owing  to  the  lack  of 
animals,  no  observations  can  be  made  by  us. 

Bruce  proved  by  animal  experiment  9  out  of  35  wild  animals  examined  in  South 
Africa  to  be  infected  with  Tr.  brucei.  The  positive  ones  included  1  buffalo,  3  nied- 
beuste,  3  koodoo  (Strepsiceros  kudu),  1  buch-buck,  and  1  hyena.  Many  of  these  ani- 
mals showed  no  clinical  evidence  of  disease. 

Laveran  and  Mesnil,  in  mentioning  the  animals  susceptible  to  nagana,  give  several 
species  of  antelopes,  the  dromedary,  the  hare,  the  mulct,  the  hyena,  the  lapian,  the 
hedgehog,  the  macque.  Bruce  mentions  the  babale  and  Brumpt  the  chamois.  Lin- 
gard  and  others  say  that  buffaloes  and  elephants  are  susceptible.  Sivori  and  Lecler 
refer  to  the  carpincho  and  Voges  to  the  nutria  {Myopotamus  coypus)  among  animals 
subject  to  the  infection. 

Voges  considers  the  nutria  extremely  susceptible.  Death  occurs  suddenly  about 
ten  days  after  inoculation,  without  symptoms. 

Laveran  and  Mesnil  say  that  wolves  have  an  incubation  period  of  two  to  three  days 
and  that  death  takes  place  in  from  five  to  twelve  after  inoculation.  Parasites  vary 
in  number,  but  are  usually  to  be  found  throughout  the  disease  bj^  microscopic  exam- 
ination of  the  blood.     Cachexia  and  irregular  fever  are  the  prominent  symptoms. 

In  strong,  healthy  animals  the  course  of  the  disease  is  much  longer,  being  twelve 
to  fourteen  days  or  more,  and  the  period  of  incubation  is  from  four  to  five  days. 
The  blood  is  always  infectious,  but  parasites  are  not  usually  found  in  it  by  micro- 
scopic examination.  Local  symptoms  appear  in  twenty  to  thirty  days.  Emaciation 
is  not  noticed  until  just  before  death. 

The  prominent  symptoms,  when  once  established,  are  conjunctivitis,  coryza,  oedema, 
particularly  of  the  head,  the  legs,  and  the  genitals;  congestion  of  the  testicles,  or  even 
a  true  architis;  falling  out  of  the  hair  about  the  eyes,  nose,  and  base  of  the  ears; 
opacity  of  the  cornea;  sometimes  purulent  conjunctivitis  and  blindness  in  the  late 
stages;  ulcers  around  the  eyes,  nose,  and  other  parts  of  the  body  similar  to  those 
seen  in  dourine.  In  animals  dying  from  twenty  to  thirty  days  after  inoculation  the 
marked  clinical  symptoms  are  not  observed.  English  writers  give  the  incubation 
period  at  eight  days  and  the  duration  of  the  disease  at  twelve  to  fifty-eight  (average, 
thirty  days). 

Several  writers  mention  hamsters  as  susceptible. 

Hagger  states  that  surra  runs  a  very  chronic  course  in  camels,  and  that  the  natives 
believe  that  a  small  portion  of  those  surviving  for  three  years  recover.  He  gives 
as  the  principal  symptoms  fever,  swelling  on  the  right  side  of  the  chest,  in  the  scro- 
tum and  sheath  of  males  and  in  the  udder  of  females,  frequent  abscess  formations  in 
these  regions;  progressive  anaemia  and  rapid  emaciation.  The  appetite  remains  good. 
Parasites  are  present  in  the  blood  during  fever,  and  are  absent  during  intermissions. 

The  several  forms  of  the  disease  are  said  to  run  a  chronic  course,  somewhat  similar 
to  that  of  the  goat,  in  the  deer. 
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COURSEj  DURATION,  AND   PROGNOSIS. 

The  course  of  the  disease  varies  in  the  same,  and  considerably  more  so  in  different 
species  of  animals.  In  the  language  of  Laveran  and  Mesnil,  **it  always  shows  the 
general  characteristics  of  blood  infection. ' ' 

A  temperature  of  remittent,  intermittent,  or  relapsing  type  is  present  in  nearly  all 
animals,  including  man.  Progressive  antemia  and  emaciation  are  also  constant  mani- 
festations. It  is  rarely  a  very  acute  infection,  although  in  exceptional  cases  it 
becomes  so  intense  as  to  suggest  septicaemia. 

The  duration  is  also  variable,  both  in  like  and  unlike  animals.  Schilling  says 
that  the  surra  of  South  Africa  lasts  from  thirty-six  days  to  eight  months  in  horses. 
He  considers  the  acuteness  of  tlie  disease  to  be  influenced  somewhat  by  the  number 
of  parasites  in  the  blood.  Bruce  says  that  horses  live  for  weeks  and  months  with 
nagana. 

In  the  Philippine  Islands  the  duration  of  the  disease  in  horses  does  not  show  a 
greater  variation  than  it  does  in  other  countries.  It  is  from  fourteen  days  to  three 
months,  and  is  about  the  same  for  American,  Australian,  Chinese,  and  native  horses. 

The  length  of  time  the  disease  lasts  in  cattle  is  usually  somewhat  longer.  Bruce 
had  a  cow  sick  with  nagana  under  observation  during  eighteen  months. 

The  prognosis  is  influenced  to  a  certain  extent  by  the  species  of  the  animal  infected. 
Most  writers  agree  that  it  is  invariably  fatal  in  horses,  but  there  are  some  exceptions. 
Schilling  believes  that  some  horses  recover;  and  Laveran  and  Mesnil  say  that  recov- 
eries have  been  reported  in  South  America,  although  they  have  seen  none.  A  varying 
percentage  of  cattle,  according  to  careful  observers,  recover.  Bruce  says  that  cattle 
occasionally  recover  from  nagana,  and  Laveran  and  Mesnil  have  had  similar  results. 
Lingard  believes  that  a  large  proportion  of  cattle  recover.  Voges,  on  the  other 
hand,  considers  the  cattle  of  South  America  immune. 

The  annual  report  of  the  division  of  the  chief  quartermaster  of  the  Philippine 
Islands  for  the  year  ending  June  30,  1902,  records  the  death  of  3,693  horses  and  mules 
out  of  a  total  of  17,220  on  liand.  He  adds  that  most  of  this  havoc  was  produced  by 
surra  and  glanders. 

The  course,  duration,  and  prognosis  of  the  disease  have  been  considered  somewhat 
in  detail  under  the  discussion  of  the  different  species  of  animals. 

The  duration,  in  particular,  varies  so  much  with  environment,  the  constitution  of 
the  animal,  and  probably  with  other  conditions  which  we  do  not  understand,  that  it 
can  not  be  fixed  except  within  wide  limits.  The  prognosis  is  always  grave,  the  mor- 
tality in  most  species  of  animals  being  100  per  cent.  The  only  exception  to  this  fact 
among  domestic  animals  of  economic  importance  is  found  in  cattle,  a  varying  per- 
centage of  which  recover. 

COMPLICATIONS. 

Broncho-pneumonia,  observed  especially  in  horses,  has  been  mentioned  by  writers 
as  a  frequent  complication.  In  this  country  cedema  and  congestion  of  the  lungs  is 
common,  while  broncho-pneumonia,  more  or  less  extensive  in  character,  is  occasion- 
ally seen. 

Nephritis,  hydropericardium,  and  hydrothorax  sometimes  explain  unusual  symp- 
toms. Tuberculosis  and  surra  are  not  infrequently  associated,  especially  in  monkeys. 
We  have  had  two  cases  of  surra  and  glanders  in  the  same  animals.  Filariasis  and 
surra  often  occur  together  in  dogs.  Rinderpest  sometimes  develops  in  cattle  suffer- 
ing with  surra. 

Other  diseases  which  we  have  found  associated  with  surra  are  foot-and-mouth  dis- 
ease, psuedo-actinomycosis,  pseudo-farcy,  mahgnant  neoplasms,  and  at  least  two 
septicaemic  conditions  not  fully  understood. 

DIAGNOSIS. 

In  order  to  carry  into  effect  methods  looking  to  prevention,  an  early  diagnosis  is 
very  desirable  in  all  cases.  Fortunatelv  in  the  horse,  the  most  frequently  infected 
of  all  animals,  this  is  in  the  majority  of  cases  easily  done  by  a  microscopic  examina- 
tion of  the  blood,  which  consists  in  examining  a  specimen  prepared  in  the  same 
manner  as  one  to  be  examined  for  malarial  parasites.  The  Trypanosoma  are  readily 
observed  with  a  Zeiss  DD  or  AA  and  ocular  4,  and  are  usually  in  sufficient  numbers 
to  be  quicklv  seen.  In  many  cases,  however,  they  may  be  so  few  as  to  require  con- 
siderable time  and  the  examination  of  several  specimens  before  they  are  found;  and, 
as  has  already  been  said,  they  may  not  be  observed  at  all  for  several  days  at  a  time 
by  this  method. 
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When  infection  is  inspected  and  parasites  are  not  found  in  the  blood  there  are 
two  courses  open:  First,  microscopic  examination,  carried  on  for  several  days  if 
necessary,  will  usually  suflice  for  making  the  diagnosis  in  horses  and  in  several  other 
animals  in  which  the  })arasites  are  but  rarely  absent  for  more  than  a  few  days  at  a 
time  in  the  early  stages  of  the  disease.  The  second  course  is  to  test  the  blood  by 
animal  experiment.  For  this  determination  any  of  the  smaller  animals,  particularly 
dogs,  monkeys,  and  white  rats  and  mice,  are  satisfactory.  A  few  drops  to  1  c.  c.  of 
blood  from  the  suspected  animal  may  l)e  injected  under  the  skin,  or  preferably  into 
the  abdominal  cavity,  on  account  of  the  shorter  incubation  period,  after  which  the 
parasites  may  be  demonstrated  in  the  usual  way. 

The  objection  to  the  latter  method  is  the  expense  of  the  animal  and  the  length  of 
time  necessary  for  the  appearance  of  the  parasites.  On  tlve  other  hand,  results  are 
certain,  and  in  tlie  case  of  some  animals  time  is  saved.  This  method,  liowever,  is 
absolutely  necessary  in  many  cases  of  infection  in  cattle,  goats,  sheep,  and  some 
other  animals,  and  should  l)e  employed  in  all  cases  of  doubt  from  any  cause. 

Whate^'er  the  method  used,  a  determination  of  the  blood  infection  is  absolutely 
the  only  way  to  make  an  early  positive  diagnosis  of  the  disease  in  any  s})ecies  of 
animal,  and  it  is  well  constantly  to  bear  this  in  mind  in  })erforming  work  which 
means  so  nmch  in  suppressing  an  epidemic. 

As  has  already  been  said,  tlie  early  clinical  manifestations  are  slight.  The  tempera- 
ture, always  highest  in  tlie  afternoon,  is  (constant  in  most  animals  immediately  after 
the  incubation  period,  but  may  droj)to  normal  again  very  quickly  and  remain  so  for 
days.  AVhen  ])resent  during  an  epidemic  it  is  significant,  but  its  frequent  absence 
leaves  much  to  be  desired.  The  next  symptoms  to  appear  are  catarrhal  discliarges 
from  the  nose  and  eyes  and  a  beginning  pallor  of  the  mucous  membrane.  Even  with 
all  these  symptoms,  which  may  not  l)e  fully  developed  for  a  week,  the  diagnosis  is 
still  not  absolutely  certain  without  a  determination  of  parasites  in  the  blood. 

With  the  development  of  other  symptoms,  such  as  (cdema  and  incoordinations,  in 
addition  to  those  already  mentioned,  a  diagnosis  upon  appearance  alone  is  justifiable. 

DIFFERENTIAL    DIAGNOSIS    OF   SURRA,   NAGANA,   DOURINE,    AND    MAL    DE   CADERAS 

Very  little  convincing  work  has  been  done  to  solve  tliis  important  question,  for  the 
reason  that  very  few  workers  have  had  the  opportunity  of  studying  more  than  one 
of  the  affections.  In  most  cases  authors  have  contented  themselves  with  the  con- 
clusion that,  if  not  identical,  they  are  closely  allied.  Koch,  who  worked  particularly 
with  surra  and  nagana,  considered  the  parasites  and  the  resulting  infections  identical, 
and  many  others  have  formed  similar  conclusions,  while  Voges,  Lave  ran  and  Mesnil, 
and  others  maintain  certain  differences  to  exist. 

Writing  of  nagana  and  mal  de  caderas,  Laveran  and  Mesnil  consider  them  distinct 
morbid  entities,  which  can  not  l)e  separated  by  their  clinical  symptoms,  and  they  fur- 
ther maintain  that  species  of  animals  Avhich  are  susceptible  to  one  can  also  be 
infected  by  the  other.  They  classify  their  reasons  for  considering  the  two  diseases 
to  be  distinct  under  three  headings:  (1)  Constant  morphologic  differences  between 
Tr.  hrucei  and  Tr.  cqumum;  (2)  animals  immunized  against  nagana  do  not  have  for 
Jr.  equinuuf  tlie  same  activity  that  they  possess  for  Tr.  hruceiy  and  (3)  animals 
immunized  against  nagana  are  susceptible  to  mal  de  caderas. 

The  morphologic  differences  between  the  two  Trypanosoma  have  already  been 
considered,  and  regarding  the  other  points  of  difference  Laveran  and  Mesnil  explain 
themselves  in  substance  as  follows: 

A  deer  recovered  from  nagana  at  the  end  of  eight  months,  and,  having  received 
during  the  interval  fifteen  inoculations  of  10  to  60  c.  c.  of  the  blood  of  a  dog  affected 
with  nagana  without  contracting  the  infection  again,  was  inoculated  in  the  skin  with 
1  c.  c.  of  diluted  blood  of  a  rat  suffering  with  mal  de  caderas.  Blood  taken  from  the 
deer  five  days  after  this  inoculation  was  infectious  for  mice  by  intraperitoneal 
injection. 

A  sheep  cured  from  nagana  after  a  period  of  one  month,  and  which  had  received 
during  this  time  inoculations  of  10  c.  c.  to  20  c.  c.  of  blood  from  a  dog  suffering  with 
nagana,  was  inoculated  subcutaneously  wuth  0.5  c.  c.  of  diluted  blood  from  a  mouse 
sick  with  mal  de  caderas.  The  blood  of  this  sheep  obtained  five  days  after  the  last 
inoculation  and  injected  into  the  peritoneum  of  a  rat  (with  a  dose  of  3  c.  c. )  and  of 
two  mice  (with  doses  of  0.25  c.  c. )  gave  to  them  an  infection  caused  by  the  Trypano- 
soma  of  mal  de  caderas,  with  an  incubation  period  of  less  than  four  days. 

Blood  taken  again  after  fifteen  days  from  mal  de  caderas  and  injected  into  the 
peritoneum  of  a  rat  and  a  mouse  conveyed  the  disease  with  an  incubation  period  of 
four  to  six  days.  The  blood  of  a  control  sheep,  which  had  not  yet  received  an  injec- 
tion of  Trypanosoma  of  nagana,  examined  on  the  fifth  and  thirteenth  days  after  inoc- 
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ulation  of  mal  de  caderas,  showed  the  same  virulence  as  the  blood  of  sheep  recovered 
from  nagana  and  infected  with  mal  de  caderas. 

The  question  as  to  whether  the  serum  of  animals  immunized  against  nagana  is 
active  for  Tr.  hrucei  and  without  action  for  Tr.  equinum  is  discussed  by  Laveran  and 
Mesnil  as  follows: 

"I.  The  serum  of  a  deer  immimized  against  nagana,  when  given  in  a  dose  of  1  c.  c. 
containing  from  |  to  -i^  c.  c.  of  blood  of  mal  de  caderas,  showed  no  action  on  the 
incubation  period  or  on  the  progress  of  the  infection  in  mice  inoculated  with  the 
mixture.  The  same  quantity  of  this  serum,  mixed  with  corresponding  doses  of 
l)lood  of  nagana,  prolonged  the  incubation  period  of  the  disease  about  five  days. 

'*JI.  The  serum  of  a  sheep  which  had  recovered  from  nagana,  when  given  in  a 
dose  of  1  c.  c.,  or  even  2  c.  c,  mixed  with  doses  varying  from  yVto  ^Vc  c.  of  diluted 
blood  of  a  dog  having  mal  do  caderas,  had  no  action  on  the  incubation  period  or  on 
the  progress  of  the  infection  in  mice  inoculated  with  the  mixture.  The  same  serum, 
in  a  dose  of  0.5  c.  c.  mixed  with  ^V  c.  c.  of  diluted  blood  of  a  dog,  prevented  all 
infection  in  the  rats  inoculated  with  this  mixture.  We  also  experimented  with  a 
mixture  of  1  c.  c.  of  the  serum  with  0.5  c,  c.  of  the  same  diluted  blood." 

Bruce  considers  nagana  and  surra  analogous,  if  not  homologous,  diseases.  Weber 
and  Nocard  have  concluded  that  surra,  nagana,  and  dourine  are  the  same  disease, 
witli  slightly  different  symptoms.  Bchilling  considers  them  all  closely  related  or 
identical.  Curry  believes  surra  and  nagana  probably  to  be  the  same,  but  does  not 
know  with  which  to  place  the  Pliihppine  epidemic. 

Salmon  and  Stiles  state  that  the  majoritv  of  writers  consider  surra  and  nagana  the 
same  disease,  but  that  they  maintain  dourine  to  be  different.  Sivori  and  Lecler  from 
their  studies  think  that  the  parasites  of  surra  and  nagana  are  identical. 

Voges  will  not  venture  a  decision  as  to  whether  mal  de  caderas  and  dourine  are  the 
same  disease.  He  points  out  in  detail  their  great  similarity.  He  considers  these 
diseases  different  from  surra  for  the  following  reasons: 

( 1 )  "  Dourine  and  mal  de  caderas  can  not  be  transmitted  to  cattle,  which  animals 
are  directly  attacked  by  surra."  (2)  "In  regions  where  mal  de  caderas  exists  cat- 
tle do  not  die  from  surra."  (3)  "We  have  no  reason  to  believe  that  Trypanosoma 
show  the  same  irregularities  of  virulence  as  bacteria,  so  that  the  different  forms  of 
the  disease  may  be  said  to  be  produced  by  different  degrees  of  virulence  in  the  same 
Trypanosoma.  On  the  contrary,  during  our  four  years  of  experimentation,  the  latter 
have  shown  a  constant  virulence."  The  fourth  reason,  which  he  considers  decisive, 
is  based  upon  the  morphologic  differences  in  the  parasites,  which  have  already  been 
discussed.  In  conclusion  he  says,  "I  think  these  four  proofs  are  entirely  sufficient 
to  establish  for  all  time  the  difference  between  surra  and  dourine,  as  well  as  between 
surra  and  mal  de  caderas." 

In  another  article  Laveran  and  Mesnil  give  extensive  consideration  to  the  differ- 
ences between  surra  and  nagana,  which  in  substance  is  as  follows: 

*'The  same  animals  are  susceptible  to  both  of  them— the  horse,  the  ass  (except  per- 
haps certain  races) ,  the  mule,  the  goat  (in  the  Dutch  East  Indies  they  are  refractory  to 
surra),  the  sheep,  the  cow,  the  camel,  the  dog,  the  cat,  the  monkey  (long-tailed 
macayo),  the  rabbit,  the  guinea  pig,  and  the  rat.  In  the  horse,  the  course  of  the  dis- 
ease is  the  same,  whether  surra  or  nagana.  The  animal  dies  at  the  end  of  the  same 
tiine  (thirty  days  on  the  average) .  In  the  case  of  experimental  inoculation,  the  incu- 
bation period  is  the  same,  there  are  tlie  same  lesions  of  the  eye  and  lids,  the  same 
oedema,  the  same  degree  of  a^nemia,  the  same  emaciation,  followed  by  final  paresis 
preceding  death.  The  fever  is  of  the  same  type,  except  that  it  is  perhaps  more 
clearly  intermittent  in  the  case  of  surra;  besides,  during  the  intermissions,  which 
may  last  from  one  to  six  days,  the  parasites  are  not  seen  in  surra  by  microscopical 
examination,  whereas  they  are  very  rarely  absent  in  nagana.  (Lingard  insists 
particularly  on  this  difference. )     In  short,  the  differences  are  minimum. 

''The  other  equides — the  goat,  the  sheep,  and  the  dog— die  of  the  two  diseases  in 
the  same  length  of  time  and  with  practically  the  same  symptoms.  *  *  *  Rabbits, 
guinea  pigs,  and  rats  {3Ius  decumanus)  succumb  to  surra  with  about  the  same  symp- 
toms as  nagana. 

''Cows  remain  to  be  considered.  Few  survive  nagana  (according  to  Bruce,  Koch, 
and  African  explorers  in  general).  On  the  contrary,  they  generally  recover  from 
surra.  According  to  Lingard,  death  from  this  disease  is  in  fact  exceptional^  The 
animal  becomes  considerably  emaciated,  but  recovers  its  health,  and  a  second  inocu- 
lation does  no  harm.  This  appears  to  be  a  sharply  marked  difference  between  the 
two  diseases.  Perhaps  this  is  owing  to  a  difference  of  race,  as  Rogers  has  supposed, 
recalling  the  experience  of  Koch  relating  to  the  asses  of  Massai.  In  any  case,  the 
question  should  be  settled  by  experimental  methods.  If  the  supposition  of  Rogers  is 
considered  incorrect,  the  question  may  be  determined  by  proving  whether  cows 
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inoculated  with  several  doses  of  surra  blood  are  susceptible  to  nagana.     Not  until 
these  experiments  have  been  made  can  a  positive  conclusion  be  given." 

Mai  de  caitfera.s'.— Passing  next  to  mal  de  caderas,  I.averan  and  Mesnil  believe  that 
in  most  of  its  principal  symptoms  "it  does  not  differ  at  all  from  surra  and  nagana, 
but  hematuria  is  frequently  present.  Paralysis  of  the  posterior  extremities,  *  *  * 
a  marked  symptom  of  the  South  American  disease,  *  *  *  is  undoubtedly  more 
pronounced  than  in  surra  or  nagana. 

"The  dog,  the  sheep,  the  goat,  the  cat,  the  monkey,  the  rabbit,  the  guinea  pig, 
the  rat,  and  the  mouse  succumbed  at  the  end  of  various  periods,  according  to  the 
species  of  the  animal  (five  to  twelve  days  for  the  rat;  four  to  eight  days  for  the 
mouse;  ten  to  fifteen  days  for  the  monkey,  and  three  months  or  more  for  the  goat 
and  the  sheep).  In  the  rabbit  the  course  is  slow,  and  the  animal  presents  the  same 
symptoms  of  the  eyes  and  genital  organs  as  we  have  noted  in  nagana. 

"Cows  are  absolutely  refractory.  Argentine  scientists  mention  a  bull  which  was 
inoculated  every  eight  days  for  a  year  and  a  half  with  200  to  300  c.  c.  of  blood  from 
a  sick  horse  without  showing  any  signs  of  the  disease.  They  do  not  say  whether 
an  examination  of  the  blood  was  made  or  a  susceptible  animal  inoculated  with  it, 
especially  during  the  month  which  followed  the  first  injection." 

In  short,  Laveran  and  Mesnil  consider  mal  de  caderas  very  closely  related  to  surra 
and  nagana. 

Continuing  this  discussion  with  reference  to  dourine,  Laveran  and  Mesnil  say: 

"We  have  already  shown  *  *  ^  that  the  Trypanosoraa  of  dourine  present 
morphological  differences  from  that  of  nagana.  This  is  an  important  argument  in 
favor  of  the  nonidentity  of  the  two  diseases.  Tlie  etiology  is  completely  different. 
Contagion  by  coition  seems  to  be  the  only  natural  mode  of  infection  for  dourine,  as 
no  spontaneous  cases  are  known  in  geldings  and  mules.  Insects,  then,  play  no  part 
in  the  propagation  of  dourine. 

"  May  nagana  be  contracted  by  coition?  It  is  not  probable,  as  no  contagion  results 
from  depositing  the  virus  on  an  unbroken  mucous  membrane.  Nevertheless  the 
experiment  should  be  made,  especially  in  the  case  of  the  rabbit. 

"The  first  symptoms  (in  the  horse)  appear  ten  to  twenty  days  after  the  infecting 
coition.  *  *  *  In  the  male  there  is  edematous  enlargement  of  the  foreskin,  then 
of  the  extremity  of  the  penis,  and  a  slight  muco-purulent  oozing  from  the  uretliral 
mucous  membrane,  which  is  inflamed.  In  the  female  there  is  an  enlargement  of 
the  two  lips,  or  of  one  alone,  with  a  muco-purulent  discharge  from  the  inflamed 
vaginal  mucous  membranes. 

"When  this  has  persisted  for  a  short  time,  other  phenomena  are  manifested,  as 
edema  of  the  limbs  and  abdominal  regions,  progressive  anemia,  constant  emaciation 
in  spite  of  good  appetite,  weakness  of  the  muscles,  especially  of  the  posterior  extrem- 
ities, and  often  sharp  flexions  of  the  joints.  Certain  symptoms  are  pathognomonic, 
so  to  speak,  as  the  cutaneous  patches  seen  on  various  parts  of  the  body.  There  is 
hardly  any  fever;  the  temperature  rarely  passes  30°  C. 

"The  disease  generally  lasts  from  four  to  ten  months,  and  has  never  the  acute 
character  of  nagana  or  surra. 

"Toward  the  end  of  life  ocular  troubles  (conjunctivitis,  ulcerative  keratitis)  are 
sometimes  noticed;  the  pareses  are  accentuated;  there  may  be  x>ronounced  or  very 
nearly  complete  paraplegia;  and  at  autopsy  foci  of  softening  of  the  medulla  may  be 
observed,  which  is  never  the  case  in  nagana  or  surra.     *    *    ^ 

"The  common  symptoms  of  dourine  and  nagana  then  are  striking.  As  to  the 
special  symptoms  of  dourine  (cutaneous  plaques,  foci  of  softening  of  the  medulla), 
they  are  not  constant  (the  cutaneous  plaques,  for  example,  generally  being  absent 
in  the  ass)  and  may  be  considered  in  accord  with  the  slower  course  of  the  disease. 
Nocard  *has  been  able  to  kill  horses  in  four,  six,  and  eight  weeks  with  a  tempera- 
ture curve  identical  to  that  which  characterizes  surra  and  nagana.' " 

Considering  dourine  in  their  animals,  they  say: 

"The  dog,  the  rabbit,  the  rat,  and  the  mouse  are  susceptible,  but  with  exceptions 
and  degrees  of  illness  that  show  variations  in  the  virulence  of  the  infecting  agent. 
^  *  *  Rouget  killed  white  mice  in  five  to  ten  days  with  a  general  infection  like 
nagana  in  its  course.  Only  a  small  number  of  sewer  rats  succumbed,  others 
recovered  after  having  a  sanguinary  infection,  while  some  were  absolutely  refrac- 
tory. In  the  beginning  of  their  studies,  Buffard  and  Schneider  had  the  same  expe- 
rience as  Rouget  on  rats  and  mice,  but  Nocard,  who  after  i)assage  of  their  Trypanosoyna 
through  a  dog,  found  rats  and  mice  almost  absolutely  refractory,  and  it  was  only 
with  the  greatest  difficulty  that  the  virulence  was  sufficiently  increased  to  make  rats 
sensitive.  In  the  rabbit  and  the  dog  the  course  of  the  disease  is  much  the  same  as 
in  the  horse,  and  contagion  may  take  place  by  coition. 

"  W^e  wish  to  call  particular  attention  to  the  lesions  in  the  infected  rabbit,  already 
well  described  by  the  authors  we  have  cit( d.     Tlu^y  are  much  like  those  of  rab- 
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bits  infected  with  nagana.  *  *  *  With  nagana,  however,  they  never  live  longer 
than  two  months  after  inoculation,  wliile  in  the  case  of  dourine  they  may  survive 
for  more  than  six  months  with  characteristic  lesions.  Experimental  methods, 
therefore,  do  not  show  a  sharp  difference  between  dourine  and  nagana.  *  ^  * 
Cows  are  scarcely  susceptible  to  surra  and  al)solutely  refractory  to  mal  de  caderas, 
the  two  diseases  which  we  have  shown  to  be  so  closely  related  to  nagana. 

''Finally,  a  recent  experiment  of  Nocard  shows  that  there  is  a  difference  between 
dourine  and  nagana,  *  *  ^  which  corroborates  our  morphological  observations. 
A  number  of  dogs  highly  imnmnized  against  dourine  were  inoculated  with  a  very 
small  quantity  of  blood  taken  from  one  of  our  mice  and  rich  in  Trypanosoma  of 
nagana  at  the  same  time  as  a  control.  The  two  immunized  dogs  died  of  nagana  in 
eleven  days,  the  control  in  fourteen  days." 

The  statement  of  Weber  and  Nocard  and  others  that  dourine  is  found  naturally 
only  in  horses  and  donkeys  has  been  used  as  an  argument  for  the  individuality  of 
this  disease.  In  looking  over  the  work  of  these  writers,  however,  it  will  be  noticed, 
as  has  been  pointed  out  by  others,  that  their  statements  aVe  based  upon  observations 
made  in  locahties  free  from  other  forms  of  the  disease,  and  in  at  least  one  case  in  a 
country  free  from  the  known  insects  of  transmission.  When  dourine  is  transferred 
to  a  country  where  surra  is  prevalent,  it  has  recently  been  shown  that  transmission 
takes  place  just  as  it  does  in  tins  disease,  so  that  it  appears  that  Schilling's  remark 
that  coition  is  the  natural  mode  of  transmission  only  in  the  absence  of  the  usual 
insects  and  other  necessary  environments,  is  rational,  and  goes  a  long  way  toward 
refuting  one  of  the  argumeiits  for  the  individuality  of  this  disease. 

We  have  studied  surra  with  special  reference  to  the  particular  points  brought  out 
by  writers  in  various  other  countries,  and  have  been  unable  to  find  any  clinical  evi- 
dence that  it  is  materially  different  from  the  description  of  any  one  of  the  other  dis- 
eases, or  that  they  differ  sufiiciently  from  each  other  to  justify  the  continuation  of  so 
many  names. 

A  comparative  study  of  the  Trypanosoma  has  already  been  discussed  in  a  chapter 
devoted  to  that  subject,  and  it  is  unnecessary  to  repeat  conclusions  here. 

In  smnming  up  the  whole  matter  it  appears  to  us,  w^hen  we  take  into  consideration 
the  work  done  by  others  and  add  our  own  results,  that  we  are  justified  in  believing 
surra;  nagana,  mal  de  caderas,  and  probably  dourine,  the  same  disease,  and  that  all 
are  caused  by  Tr.  evmisii 

We  recently  received  from  Java  a  cow  suffering  with  surra  when  it  arrived.  Rin- 
derpest also  developed  in  this  animal  shortly  after  landing,  and  the  surra  not  yet 
having  been  discovered,  the  blood  of  this  animal  was  used  by  Doctor  Jobling,  director 
of  the  serum  laboratory,  in  the  immunization  of  three  other  cattle,  two  of  which 
promptly  developed  trypanosomiasis.  We  have  studied  the  parasites  in  these 
animals  and  the  course  of  the  infection  in  different  animals,  and  have  satisfied  our- 
selves that  it  is  the  same  disease  with  which  we  are  working  in  Manila.  If  the 
transfer  of  surra  from  Java  to  this  country  causes  sucli  a  change  in  the  nature  of  the 
infection  in  cattle,^  it  is  not  at  all  surprising  that  similar  ones  may  be  brought  about 
by  transferring  it  in  other  countries. 

Laveran  and  Mesnil  found  that  the  parasite  of  nagana  is  not  so  virulent  for  their 
cattle  in  France  as  it  is  usually  reported  to  be  for  those  of  Africa. 

The  immunization  of  animals  against  one  form  of  the  disease  with  attempts  to 
prove  them^  susceptible  to  another  has  been  undertaken  by  several  authors,  and 
most  flattering  results  have  been  reported;  but  on  going  over  the  work  it  does  not 
appear  that  the  presence  of  the  first  disease  was  disapproved  by  animal  experiment 
in  some  of  the  so-called  immune  animals  before  the  second  one  was  administered. 

^  A  discussion  of  the  very  interesting  and  important  question  of  the  identity  or 
difference  of  these  various  diseases,  to  be  of  any  great  value,  must  take  into  consid- 
eration two  factors,  (1)  the  morphology  of  the  parasites  and  (2)  their  pathogenesis 
in  full. 

It  is  the  old  story  of  parasitic  infections  over  again,  the  zoologist  paying  particular 
attention  to  the  first  of  these  considerations  without  full  investigation  of  the  second, 
and  the  strictly  medical  man  doing  the  opposite. 
^  In  this  case  both  points  deserve  careful  consideration,  but  as  the  value  of  conclu- 
sions in  sanitation  and  therapeutics  are  enhanced  more  by  what  the  parasite  does 
than  by  what  it  is,  we  acknowledge  the  pathogenesis  to  be  of  the  greater  importance, 
and  shall  so  apply  it  in  our  discussion. 

A  number,  if  not  all,  of  these  diseases  show  a  special  tendency  to  lesions  of  the 
genitals,  and  if,  as  asserted,  dourine  is  transmitted  only  by  coition,  this  fact  would 
serve  merely  to  emphasize  a  symptom  shown  as  a  tendenc^y  in  the  others,  and  there- 
fore does  not  place  the  diseases  so  far  apart  as  might  appear  at  a  glance.  Competent 
observers  have  shown,  however,  that  in  this  disease,  as  in  all  others  of  trypanoso- 
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matic  origin,  the  infection  may  l)e  transferred  l)y  inoculation  and  the  typical  disease 
reproduced  in  this  manner. 

The  supi)osed  natural  transmission  of  dourine  only  through  coition  has  heen 
explained  by  a  recent  writer  as  pn)bal)ly  owing  to  the  absence  of  the  usual  transmit- 
ting insects  in  the  regions  affected.  ln*^any  event,  it  does  not  appear  to  have  been 
demonstrated  that  insects  are  not  capable  of  transmitting  the  infection.  The  other 
described  characteristic  manifestations  of  the  disease— the  x>eculiar  skin  lesions— are 
found  by  a  careful  review  of  literature  not  to  be  confined  entirely  to  dourine  and  not 
to  be  constant  in  this  disease,  especially  when  produced  by  inoculation.  So  far, 
unfortunatelv,  but  little  work  appears  to  have  been  done  with  a  view  to  determining 
the  prol>ability  of  transmission  of  the  other  forms  through  coition  and  the  study  of 
the  disease  so  produced. 

In  the  early  rei)orts  on  surra  by  Evans  and  others  it  w^as  stated  that  the  disease 
was  very  fatal  for  cattle  as  well  as'for  horses,  l)ut  in  late  years  most  of  tlie  writers  say 
that  these  animals  are  somewhat  more  resistant,  and  that  some  of  them  recover.  So, 
too,  with  nagana;  in  certain  parts  of  Africa  the  disease  is  rei>orted  to  be  very  fatal  for 
cattle,  but  in  other  sections  of  that  country  and  in  other  countries  a  greater  resistance 
has  been  shown,  and,  as  with  surra,  a  certain  number  recover.  When  we  look  over 
carefully  the  literature  relating  to  these  diseases  in  cattle,  we  fail  to  find  the  marked 
differences  so  strongly  emphasized  l)y  some  authors  as  being  diagnostic  points  in  dif- 
ferentiating the  two  diseases,  and,  indeed,  there  are  as  great  variations  reportecl  for 
the  action  of  either  of  these  disi^ases  in  cattle  as  there  are  reported  for  any  two  of  the 
diseases  in  them,  so  that  w^e  are  justified  in  concluding  that  there  is  nothing  in  the 
course  of  the  various  forms  of  trypanosomiasis  in  the  same  or  different  animals  to 
warrant  considering  them  distinct  pathologic  entities;  in  fact,  the  contrary  would 
appear  reasonable. 

Absolute  proof  of  the  identity  or  individuality  of  these  infections,  as  they  exist  in 
various  countries,  can  be  obtained  only  l)y  importing  infected  animals  for  each  indi- 
vidual disease  into  one  place  and  carrying  on  tlieir  study  under  like  environment. 
Until  this  is  done  we  are  inclined,  as  before  stated,  to  regard  surra,  nagana,  mal  de 
caderas,  and  probably  dourine  as  the  same  disease.  This  is  a  very  interesting  ques- 
tion and  one  which  should  be  settled;  but  as  far  as  providing  means  to  combat  tlie 
infection  is  concerned,  a  solution  of  this  problem  would  not  be  likely  to  add  any- 
thing of  value.  Means  which  prove  efiicacious  for  one  form  of  the  disease  will  prob- 
ably do  so  for  all. 

SUSCEPTIBILITY   AND   NATURAL   IMMUNITY. 

A  full  discussion  of  this  subject  would  involve  a  great  deal  of  repetition,  but  owing 
to  its  importance  in  dealing  with  epidemics  it  will  be  briefly  reviewed. 

On  the  whole  there  is  a  most  remarkable  similarity  in  the  degrees  of  susceptibility 
and  immunity  of  various  animals  to  surra,  nagana  and  mal  de  caderas.  There  are 
mdividual  differences;  but  it  must  be  remembered  that  many  factors  contribute  to 
such  differences,  since  experimentation  is  carried  on  in  various  parts  of  the  world. 

Schilling  mentions  pigs  as  the  only  animals  refractory  to  African  surra;  others, 
however,  have  shown  that  they  may  contract  this  disease,  and  they  are  considered 
to  be  susceptible  to  the  other  forms  of  trypanosomiasis  as  well.  Penning  says  tliat 
the  cattle  of  Java  do  not  contract  surra,  while  Schat  considers  them  susceptilvle. 
The  chronic  course  of  surra  and  nagana  in  cattle  and  the  reported  natural  innn unity 
of  these  animals  to  mal  de  caderas  are  not  sufficiently  at  variance  to  justify  the 
statement  that  the  difference  is  diagnostic* 

Lingard  considers  })uffaloes  susceptible,  but  says  they  may  recover  from  the  infec- 
tion. These  results  do  not  differ  from  those  reported  in  relation  to  the  same  animals 
in  other  countries.  He  also  cites  the  case  of  a  horse  which  he  cured  of  surra  with 
arsenic,  iodide  of  arsenic  and  mercury,  but  twelve  months  after  the  cure  the  animal 
died  of  the  disease  from  the  inoculation  of  one  drop  of  virulent  blood. 

Sivori  and  Lecler  were  unable  to  find  Trypanosoma  in  carpinchos,  tapirs,  peccaries, 
stags,  small  deer,  pumas,  tigers,  and  the  Lutra  hrasUiens. 

Birds,  according  to  Foa,  are  absolutely  refractory  to  large  doses  injected  subcuta- 
neously,  abdominally,  or  through  the  eye,  Voges,  on  the  other  hand,  claims  tliat 
chickens,  ducks,  and  turkeys  are  susceptible  by  inoculation  to  mal  de  caderas. 
Later  reports  state  that  the  birds  of  South  America  are  immune. 

Voges  believes  that  the  cow  is  the  only  animal  naturally  immune  to  mal  de 
caderas.  He  proved  horses,  mules,  donkeys,  sheep,  goats,  rabbits,  dogs,  guinea 
pigs,  white  and  gray  rats,  and  white  and  gray  mice  to  be  susceptible. 

Rouget  determined  birds,  bats,  and  guinea  pigs  to  be  resistent  to  7V.  equipenhmi. 
Sewer  rate  also  showed  a  partial  immunity.  Kantluick,  Durham,  and  P.landford  con- 
sider the  sheep  and  deer  of  Africa  resistent  to  nagana;  and  Koch  says  that  ttie  asses 
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of  Massai  and  the  crosses  of  tliese  asses  with  tliose  of  Mosket  are  immune  to  the 
same  disease. 

Sahiion  and  Stiles  mention  horses,  asses,  mules,  camels,  elephants,  cats,  dogs, 
cattle,  biiffaJoes,  sheep,  goats,  rabbits,  guinea  pigs,  rats  {Mus  decumanus  and  Nesohia 
providens) ,  and  monkeys  as  suHceptil)le  to  surra.  They  say  that  birds,  reptiles, 
anix)hibia,  and  fish  are  inmiune  to  the  Trypcmosoma  of  mammals.  The  gaur  (Indian 
bison)  and  the  tsaing,  according  to  Evans,  iiave  never  been  observed  to  have  surra. 

Ducks,  roosters,  doves,  sucking  pigs,  and  kids  (a  short-legged  variety  of  goat  found 
in  Toga)  were  inoculated  by  Ziemann,  and  recovered  permanently  from  the  disease. 

Curry  considers  chickens  immune  by  inoculation.  He  found  horses,  cows, 
carabaos,  monkeys,  dogs,  cats,  and  rats  susceptible  to  infection  with  Tr.evansii  of  the 
Philippines. 

The  only  animals  naturally  susceptible  to  Tr.  lewlsii  are  wild  and  gray  rats  and 
mice;  white  rats  and  mice,  and  tachetes  may  acquire  the  disease  by  inoculation. 
Laveran  and  Mesnil,  and  others  have  shown  that  guinea  pigs  inoculated  in  the 
abdominal  cavity  are  temporarily  infected  in  a  certain  percentage  of  cases.  To  these 
may  be  added  monkeys  and  puppies. 

Rouget  showed  that  white  and  gray  rats  and  mice,  rabbits,  and  dogs  inoculated 
subcutaneously,  intraperitoneally,  in  the  abdominal  cavity,  or  by  dropping  infected 
blood  into  the  conjunctiva,  are  susceptible  to  Tr.  equiperditm.  Wasielewski  and 
Senn  found  Tr.  eqwiperdum  in  liorses  and  asses,  and  successfully  inoculated  horses  and 
dogs  with  it. 

Voges  mentions  dogs,  horses,  rabbits,  rats,  mice,  and  guinea  pigs  as  susceptible  by 
inoculation  to  dourine.  Weber  and  Nocard  say  that  this  disease  may  be  inoculated 
subcutaneously,  abdominally,  or  in  the  scrotuni  or  vagina  in  the  case  of  the  dog,  the 
horse,  the  donkey,  the  rabbit,  and  the  mouse. 

Bruce  proved  the  horse,  mule,  ass,  cow,  dog,  cat,  buffalo,  hyena,  bobale,  and  several 
other  animals  susceptible  to  nagana. 

Laveran  and  Mesnil  mention  among  the  animals  which  may  contract  mal  de  caderas 
horses,  asses,  mules,  cattle,  sheep,  goats,  rabbits,  guinea  x>igs,  dogs,  cats,  rats,  camels, 
elephants,  and  monkeys.     Brumpt  found  the  cliamois  susceptible. 

There  is  no  doubt  that  cattle  have  a  relative  natural  immunity,  which  seems  to 
vary  somewhat  in  different  countries,  but  this  variation  is  not  great  enough  to  be  of 
especial  diagnostic  significance. 

The  value  of  keeping  in  view  the  relative  immunity  of  certain  animals,  in  addition 
to  its  scientific  interest,  lies  in  its  practical  significance  in  providing  measures  for  the 
suppression  of  an  ex)idemic.  The  animals  showing  this  tendency  in  the  greatest  degree 
are  those  which  also  give  the  least  physical  evidence  of  infection,  anci  consequently 
are  dangerous  in  tliat  they  provide  liosts  for  its  perpetuation.  It  is  in  these  animals 
that  parasites  are  often  |)resent  only  in  small  numbers  in  tlie  i^erij^heral  circulation, 
necessitating  animal  exx)eriment  fully  to  establish  a  diagnosis. 

PROPHYLAXIS. 

The  question  of  prophylaxis  constitutes  the  next  important  part  of  this  subject. 
All  efforts  to  cure  the  disease  having  failed,  and  there  being  but  slight  x>rospect  of 
working  out  methods  wliicli  will  be  successful  in  the  treatment  of  an  animal  once 
infected,  our  highest  hope  lies  in  being  able  to  bring  about  a  x^ractical  and  at  the 
same  time  efficient  condition  of  x)revention. 

A  curative  treatment  of  animals  suffering  with  this  disease  is  not  at  all  necessary 
to  the  welfare  of  the  community  which  has  the  infection  in  its  midst.  It  is  a  disease 
belonging  to  the  class  readily  controlled  by  x^reventive  measures,  just  as  the  case 
with  many  of  the  infectious  diseases  of  man  for  which  we  have  no  cure.  Practical 
rides  for  the  control,  and  even  for  the  suppression  of  an  ex)idemic,  may  be  x>repared 
and  enforced  with  no  great  difficulty;  ancl  the  failure  to  do  so  shows  a  lack  of  prog- 
ress in  prox^ortion  to  tliat  evidenced  in  the  control  of  the  less  important  diseases. 

With  the  aggregate  of  the  findings  on  the  nature  and  mode  of  transmission  of  this 
disease  before  us,  and  considering  the  x>racticable  manner  in  which  this  knowledge 
may  be  applied  efliciently  to  control  the  infection,  one  can  not  help  wondering  that 
the  annual  loss  of  millions  of  animals  from  this  scourge  is  permitted. 

With  the  possible  exception  of  rinderpest,  it  is  the  most  important  disease  of 
animals  with  which  a  large  part  of  the  trox)ical  world  is  infected.  From  an  economic 
standx)oint,  measures  looking  to  its  control  are  of  greater  importance  to  the  public 
welfare  than  are  many  of  the  diseases  of  man  on  which  annually  are  spent  millions 
of  dollars. 

Quarantine  regulations  go\'erning  the  importation  of  animals  are  obviously  the 
first  point  to  consider  in  the  discussion  of  x^reventive  measures.     Very  few  countries 
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have  efficient  quarantine  laws.  France  ])r()hibits  the  iiiiportation  of  animals  from 
infected  countries,  and  the  United  States  does  not  allow  animals  to  l)e  imported  from 
the  Philippines.  Kecently  a  few  other  countries  have  been  considering  similar  steps. 
Laveran  and  Mesnil  state  tliat  "the  importation  of  animals  from  infected  countries 
should  be  prohibited  or  greatly  restricted.  Ail  animals  arriving  at  a  port  should  be 
examined  and  if  any  are  found  to  be  infected,  these  should  be  killed  and  the  others 
isolated.  If  the  disease  gains  entrance  to  a  new  country,  preventive  measures,  if 
established  early,  should  prove  efficient. '^ 

In  a  preliminary  report,  Bulletin  No.  3,  bureau  of  government  laboratories,  Mus- 
grave  and  Williamson  in  part  say  as  follows: 

**1.  Prevention  of  reinfection  of  the  country  by  proper  quarantine  laws. 

"2.  Eradication  of  the  present  infection  by  enforcing  efficient  sanitary  regulations. 

"It  is  believed  that  the  methods  to  be  described  are  practicable,  and,  if  adopted, 

will  prove  sufficient  to  control  the  epidemic  and  eventually  to  eradicate  it  from  the 

country;  but  to  give  the  best  results  work  should  be  begun  at  once,  during  the  dry 

season,  while  the  cases  are  comparatively  rare  and  before  the  wet  season  comes  with 

its  great  increase  in  the  number  of  biting  flies  and  the  consequent  spread  of  infection. 

"Had  vigorous  methods  been  adopted  when  the  disease  tirst  appeared  in  this 

country,  in  1901,  there  would  not  have  been  an  epidemic;  and  even  now,  were  proper 

procedure  followed  persistently,  the  disease  should  be  eradicated  from  the  Islands. 

If,  however^  no  more  efficient  course  is  adopted  tlian  tlie  one  in  use  now,  the  disease 

will  go  on  spreading  until  the  whole  country  is  involved  and  the  epidemic  becomes 

perpetuated,  as  it  has  been  in  Africa,  South  America,  India,  and  other  countries. 

* '  The  subject  is  an  albim  portant  one  to  the  country,  and  it  is  imperative  that  facts  and 
suggestions  as  to  remedies  be  placed  before  our  legislators.  Witliout  legal  authority, 
municipal  sanitation  (as  history  so  well  demonstrates)  must  always  be  a  failure;^  but 
with  the  authority  given  by  proper  ordinances,  a  disease  such  as  trypanosomiasis  of 
horses  should  be  controlled  from  the  start  and  finally  eradicated  from  any  country 
in  which  it  has  obtained  a  foothold. 

* '  In  considering  quarantine  regulations  against  the  introduction  of  trypanosomiasis 
into  a  noninfected  country,  a  safe  but  hardly  justifiable  procedure  would  be  to  forbid 
the  entrance  of  any  animals  from  an  infected  port,  as  was  so  promptly  done  by  the 
United  States  against  the  Philippine  Islands  when  the  disease  was  first  reported 
here.  Whether  our  home  country  enforces  the  same  stringent  law^s  against  all  others 
infected  with  trypanosomiasis  and  against  all  animals  which  have  been  in  infected 
countries  but  are  shipped  to  America  from  noninfected  ports,  can  not,  without  full 
knowledge  of  the  quarantine  laws,  be  stated;  but,  granting  this  to  be  so,  there  still 
remain  reasons  for  stating  that  there  must  be  forces  other  than  quarantine  laws 
which  prevent  the  introduction  of  trypanosomiasis  into  the  United  States.  Wild 
animals  for  circuses  and  other  purposes  are  certainly  admitted  in  considerable  nuni- 
bers  from  infected  countries,  and  when  we  consider  the  fact  that  many  of  these  ani- 
mals harbor  the  parasite  without  inconvenience,  the  introduction  of  the  infecting 
agent  into  America  at  some  time  or  other  seems  very  probable.  Not  alone  quarantine 
laws,  but  other  factors,  such  as  possibly  conditions  of  temperature,  moisture,  and 
carrying  agents,  probably  play  a  part  in  preventing  the  spread  of  the  disease. 

"However,  trypanosomiasis  has  gained  admission  to  tlie  Philippine  Islands,  and, 
so  far  as  we  are  concerned,  there  is  no  need  of  discussing  the  quarantine  laws  neces- 
sary to  prevent  infection  in  a  virgin  country.  It  would  have  been  entirely  feasible, 
as  is  shown  by  accumulated  experience,  to  have  prevented  the  introduction  of  the 
disease  into  the  Philippine  Islands,  with  its  subsequent  disastrous  results,  by  the 
enforcement  of  proper  quarantine  regulations  without  actually  prohibiting  the  impor- 
tation of  animals.  That  this  was  not  done  is  owing  to  the  fact  that  the  disease  was 
not  recognized  until  after  its  introduction  and  to  our  inexperience  in  dealing  with 
tropical  conditions,  but  it  would  appear  in  place  to  sound  a  note  of  warning  to  other 
countries,  especially  those  within  the  geographically  infected  zone  and  which  are 
as  yet  without  the  disease.  It  is  a  question  of  economic  importance  second  to  none 
in  a  large  area  of  the  world,  and  deserves  the  closest  attention  and  prompt  action  of 
the  sanitary  guardians  of  the  public  welfare." 

In  framing  quarantine  laws  particular  attention  should  be  paid  to  wild  animals 
and  to  circus  animals  in  general. 

It  has  already  been  shown  in  discussing  the  etiology  and  modes  of  transmission  of 
the  disease  that  every  case  of  infection  is  entirely  dependent  upon  exposure  to 
biting  insects,  and  that  this  brings  us  in  the  outset  face  to  face  with  the  necessity  of 
(1)  destroying  all  infected  animals,  (2)  destroying  biting  insects,  (3)  employing  a 
combination  of  these  methods,  or  (4)  rendering  susceptible  animals  immune. 

Before  beginning  a  discussion  of  these  points  we  shall  review  somewhat  fully  the 
recommendations  of  Voges,  of  South  America,  and  Schat,  of  Java,  who  have  writ- 
ten in  detail  upon  this  subject. 


REPORT  OK  THE  SECRETARY  OF    THE  INTERIOR.      543 

Vogea  considerB  preventive  iiieasiires  under  two  headings:  General  means  and 
specific  means.  Tiie  burning  of  cadavers  need  no  longer  be  recommended,  since 
we  know  that  twenty-four  lionrs  after  death  the  tissues  and  fluids  are  no  longer  infec- 
tious. It  is  sufficient  to  protect  the  bodies  from  biting  insects  during  twenty-four 
hours.  When  the  disease  breaks  out  in  pastures,  the  animals  should  be  transferred 
to  high,  dry,  grounds,  and  those  already  infected  should  be  killed.  Animals  should 
not  be  allow^ed  to  run  at  large,  l)ut  should  be  kept  in  stalls;  and  especially  valuable 
ones  may  be  prot(K!ted  from  biting  flies  by  screens. 

Voges  compares  mal  de  caderas  to  malaria  in  the  manner  of  its  spread,  etc.,  and 
suggests  preventive  measures  along  the  lines  used  for  the  latter.  He  states  that  there 
are  two  methods  of  preventing  malaria — that  of  the  Italian  school,  which  bases  its 
work  upon  the  destruction  of  the  intermediate  host,  and  the  other,  that  of  the 
German  school,  as  recommended  by  Koch.     Continuing,  he  writes  as  follows: 

"Quite  different  is  Koch's  system,  which  strikes  the  evil  at  its  roots.  Koch  fights 
the  cause  of  the  disease,  the  Plasmodium;  he  seeks  to  remove  it,  and  in  effecting  his 
purpose  does  essentially  nothing  different  from  what  has  been  done  with  considerable 
success  in  other  infectious  diseases. 

**If  1  am  working  in  the  laboratory  with  a  culture  and  wish  to  transmit  it,  I  use  a 
platinum  point.  If  tlie  platinum  ])()int  is  taken  away  from  me,  for  the  time  being  I 
can  make  no  inoculations,  for  I  nmst  first  make  a  new  point.  If,  on  the  other  hand, 
my  cultures  are  taken  away  from  me  and  every  crack  and  corner  where  these  might 
be  is  ransacked,  and  I  am  deprived  of  every  i>ossible  opportunity  to  make  a  new  cul- 
ture, then  my  inoculations  are  at  an  end  and  I  can  not  proceed  with  them  even  with 
the  best  of  points. 

*'  I  always  use  this  illustration  when  I  wish  to  explain  Koch's  malaria  theory.  In 
malaria  the  mosquito  serves  as  the  jjoint,  and  I  no  sooner  kill  thousands  of  them  than 
hundreds  of  thousands  again  appear. 

"The  reagent  glass,  the  holder  of  the  culture,  is  the  person;  the  nourishment 
(agar,  bouillon,  etc.)  is  the  blood.  R:  Koch  puts  into  the  reagent  glass  (the  human 
being)  a  disinfectant  (quinine)  and  the  culture  is  destroyed.  If,  then,  I  disinfect 
everybody  who  has  been  inoculated  with  the  virus  of  malaria,  all  the  cultures  are 
destroyed,  and  no  matter  how^  much  ^irus  (blood)  the  point  (mosquito)  takes  from 
the  reagent  glass  (human  being),  the  transmission  of  the  disease  is  no  longer  pos- 
sible. Could  anything  be  simpler  and  at  the  same  time  more  effective?  Is  it  not, 
therefore,  an  outrage  and  a  shame  that  even  in  our  day  civilized  nations  place  their 
hands  in  their  laps,  at  the  most  raising  themselves  to  a  few  efforts,  while  they  allow 
their  subjects  to  die  before  their  eyes. 

"Should  not  Koch's  results,  then,  be  applicable  to  mal  de  caderas?  We  know 
that  the  blood  ctf  horses  suffering  witli  mal  de  caderas  harbors  parasites.  We  know 
further  that  the  infection  is  transmitted  only  through  the  bite  of  a  blood-sucking 
insect.  AVe  also  know  that  the  infection  occurs  during  times  of  rain  and  flood. 
And,  finally,  Ave  know  that  the  virus  maintains  its  vitality  in  horses  for  from  two  to 
five  months,  and  in  donkeys  and  mules  as  long  as  one  year,  and  can  nearly  always 
be  detected  during  this  time. 

"In  malaria  the  conditions  are  such  that  we  must  seek  the  proper  host  in  the 
human  being,  and  in  the  mosquito  the  intermediate  host.  In  the  human  being  the 
virus  maintains  its  vitality  for  years,  but  in  the  mosquito  only  a  short  time.  Evi- 
dently the  conditions  are  very  similar  in  mal  de  caderas.  We  have  not  yet  discov- 
ered the  intermediate  host,  but  we  presume  that  it  is  a  blood-sucking  insect,  while 
the  horse  is  the  proper  host.  I  draw  this  conclusion  from  the  fact  that  in  the  case 
of  the  horse,  and  esi)ecially  In  that  of  the  donkey  and  mule,  sick  animals  are  found 
throughout  the  year.  Virus  can  be  obtained  at  all  seasons,  although  the  disease 
occurs  periodically,  a  fact  which  can  be  attributed  only  to  the  periodical  appearance 
of  the  intermediate  host  (insect).  With  a  knowledge  of  the  intermediate  host  this 
would  be  still  more  evident,  but  for  our  object  we  really  do  not  need  this.  Its  peri- 
odical appearance  is  one  of  the  most  favorable  preliminary  conditions  possible  for  a 
successful  fight  against  the  epidemic. 

"  W^e  shall  next  state  that  there  are  certain  periods,  dependent  upon  the  rains, 
during  which  the  transmission  of  the  disease  through  the  intermediate  host  does  not 
occur.  The  virus  exists  then  only  in  the  proper  host.  *  ^  ^  The  rainless  season 
is  the  period  of  which  we  should  take  advantage  to  destroy  the  Trypanosoma,  for  it 
is  then  that  their  distribution  is  most  confined. 

"For  our  purpose  we  need  only  two  things,  first,  a  means  of  detecting  the  presence 
of  the  Trypanosoma,  and,  secondly,  a  disinfectant  with  which  to  destroy  them.  The 
second  thing  we  do  not  yet  possess,  at  least  not  one  that  will  work  in  the  same  man- 
ner as  quinine  does  in  malaria.  There  remains  only  one  possible  solution,  that  is  to 
destroy  the  Trypanosoma  cultures;  in  other  words^  to  kill  the  diseased  horses. 
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**Tliis  measure  is  radical  and  yet  very  practicable,  for  sucli  horses  are  of  no  value, 
and  this  is  almost  universally  true  with  native  horses,  for  when  once  sick,  a  horse 
may  as  w^ell  be  considered  lost,  and  it  is  useless  to  continue  feeding  him.  Thus,  if 
we  have  killed  all  the  diseased  horses,  nudes,  and  d(jnkeys  during  the  season  which 
is  free  from  the  epidemic,  when,  with  tlie  beginning  of  the  rainy  reason,  tlie  inter- 
mediate hosts  return,  there  will  be  no  more  Trtjpanomma,  and  the  disease  will  at 
once  have  been  stamped  out,  just  as  Koch  exterminated  malaria  by  poisoning  the 
Plasmodia  with  quinine.  This  is  not  only  possible,  but  absolutely  certaui.  It 
depends  on  searching  out  all  the  animals  having  Trypanosoma.  If  the  rainy  season 
were  longer,  most  of  the  animals  affected  with  raal  de  caderas,  at  least  horses,  would 
die.  Donkevs  and  mules,  however,  would  continue  to  live;  but  they  show  signs  of 
weakness  so  early  that  it  would  be  easy  to  pick  them  out  and  render  them  harmless.'' 
Kimmerich,  according  to  Voges,  successfully  cond)ated  the  disease  on  his  estate 
by  converting  the  marshy  regions  into  open  ponds.  He  considered  running  water 
harmless.  A  South  American  company  Uv^ing  a  large  number  of  horses  lost  annually 
the  larger  part  of  them  for  two  years,  the  animals  being  kept  in  the  fields,  as  is  the 
custom  there.  Stalls  were  then  built  and  the  hor-ses  \\ere  ke|)t  and  fed  in  them,  as 
a  result  of  which  the  epidemic  disappeared.  H  infected  herds  are  removed  to  high, 
dry  grounds,  the  disease  generallv  ceases.  Horses  quartered  in  stalls  seldom  con- 
tract it.  The  influence  of  stalling  animals  on  the  suppression  of  the  infection  is 
mentioned  also  by  writers  in  India  and  Africa. 

So  far  as  we  have  been  able  to  determine,  Java  is  the  only  country  which  has 
adopted  and  enforced  regulations  for  the  suppression  of  tlie  infection,  and  as  a  result 
the  disease  is  well  under  control  in  that  country. 

Referring  to  the  statement  that  it  is  impossible  to  destroy  biting  insects,  Schat 
(Java)  says: 

**  It  is  the  opinion  of  Voges  that  blood-sucking  insects  are  the  carriers  of  the  mfec- 
tion,  but  he  has  not  proved  it,  probably  because  he  considers  the  destruction  of  the 
insects  as  impracticable.  Contrary  to  his  o|)inion,  we  think  it  l>oth  desirable  and 
possible  to  do  so;  nor  is  the  measure  to  be  left  out  of  consideration.  To  search  out 
all  the  hosts— that  is,  the  animals  suffering  with  chronic  surra—is,  in  the  Tropics, 
where  sufficient  expert  assistance  is  lacking,  not  yet  entirely  feasible,  the  more  so 
since  Doctor  Bruce,  of  South  Africa,  has  found  that  the  tsetse  fly  may  become 
infected  by  sucking  the  blood  of  wild  animals.  The  detection  and  destruction  of 
all  infected  animals  is  therefore,  under  the  circumstances,  almost  impossible  in  the 
Tropics.  We  should  look  for  otiier  measures,  such  as  to  insure  the  cooperation  of 
the  owners  of  cattle  and,  in  general,  of  all  laymen.  We  should  make  warfare  on  all 
flies  found  on  horses  and  cattle. 

"In  the  prevention  of  an  epidemic  of  surra  by  veterinary  means,  the  three  follow- 
ing measures  should,  in  oar  opinion,  l)e  particularly  observed: 

''  1.  Limit  the  extent  of  influence  of  tlie  flies  whicli  carry  the  infection. 
"  2.  Protect  the  sick  as  well  as  the  healthy  animals  from  the  bites  of  flies  in  places 
infected  with  the  disease.  1,11 

'*  3.  Destroy  the  hosts— that  is,  the  diseased  animals— or  else  render  them  harmless. 
**  These  measures  alone  should  have  a  good  chance  of  success,  if  the  following  rule 
of  i)reventing  the  spread  of  an  infectious  disease  at  its  first  appearance  is  observed. 
The  rule  may  be  given  as  follows:  Whenever  an  infectious  disease  appears,  the  cases 
of  sickness  and  death  should  be  reported  as  soon  as  possible.  This  applies  to  all 
infectious  diseases  in  general,  but  it  is  particularly  necessary  in  the  case  of  surra, 
because  its  detection  is  often  diflicult  and  requires  a  great  deal  of  time. 

''Let  us  now,  with  special  reference  to  surra,  discuss  the  three  above-mentioned 
measures,  one  by  one,  and  with  more  detail. 

''  Fkst  meamre.— To  limit  the  extent  of  influence  of  the  flies  which  carry  the 
infection.  Whenever  a  case  of  surra  is  determined  by  the  chnical  symptoms  or  by 
the  discovery  of  Trypanosoma  in  an  examination  of  the  blood,  or  by  animal  experi- 
ment, the  sick  animal  should  first  of  all  be  isolated,  or  killed  and  buried.  The  ani- 
mals which  are  kept  on  the  same  ground  as  suspects  should  not  be  transferred  to  any 
other  place.  In  this  way  a  spread  of  the  disease  as  well  as  of  the  flies  found  on  the 
animals  will  be  prevented,  for,  as  is  known,  flies  swarm  with  horses  and  cattle  when 
they  are  quickly  removed.  .,        ,  .    .    .   i  r,.       .    n  v 

*'For  the  purpose  of  making  it  as  certain  as  possible  that  no  infected  flies  shall  be 
transferred  to  other  places  in  this  manner,  the  transfer  of  cattle  from  grounds  bor- 
dering on  those  where  surra  has  been  discovered,  should  be  forbidden.  This  measure 
may,  according  to  the  circumstances,  be  extended  to  the  entire  inhabited  part  of  a  dis- 
trict'or  to  a  portion  of  it.  In  short  we  would  recommend  the  prohibition  of  the 
importation,  exportation,  and  transference  of  cattle,  etc.,  in  the  inhabited  part  of  a 
whole  district  or  in  portions  of  it. 
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^^  Second  measure, — To  try  to  protect  the  sick  as  well  as  the  sound  animals  against 
the  bites  of  Hies. 

'*The  sick  and  the  healthy  animals  should  be  separated  as  quickly  as  possible  and 
transferred  to  dark,  spacious,  well-ventilated  stalls,  since  experience  proves  that  in 
dark  places,  few,  if  any,  flies  are  found. 

' ' Th is  precaution  the  inland  cattle  owner  can  take  without  great  trouble.  Further- 
more, the  greatest  cleanliness  should  be  observed  in  the  stalls,  although  this  would 
appear  to  be  very  difhcult  in  the  villages  here,  even  with  the  greatest  perseverance. 
The  fecal  matter  should  immediately  be  removed  and  collected  in  one  place,  not  too 
close  to  tlie  cattle  stalls,  in  order  to  combat  not  only  the  flies  but  also  the  larva?;  we 
know  that  the  larvae  of  the  Stomoxys  live  mostly  in  manure,  where  they  develop 
into  a  light  reddish-brown  chrysalis,  from  which  after  from  four  to  six  weeks  the 
young  tiy  appears. 

"It  might,  perhaps,  be  recommended  that  the  leaves,  pieces  of  wood,  etc.,  found 
on  the  spot  where  a  case  has  occurred  be  collected  and  burned.  This  should  be  done 
in  the  morning,  on  the  wind  side  of  the  kraal,  so  that  the  smoke  will  drive  away  the 
flies,  which  appear  on  the  animals  just  at  this  time  of  the  day,  in  order  to  suck  them- 
selves full  of  blood. 

"  Whenever,  in  the  rainy  season,  the  smoking  of  the  stalls  in  this  manner  becomes 
difficult  or  impossible,  the  same  purpose  may  be  accomplished  by  placing  earthen  or 
iron  pans  in  them,  burning  damp  wood,  leaves,  etc.,  in  the  containers;  the  cattle 
owner  may  also  easily  make  use  of  ash  water,  with  which  he  will  be  able  to  keep  the 
Hies  from  his  cattle.  In  catching  flies  the  inlander  can,  without  much  trouble,  make 
use  of  sticky  twigs;  there  will  always  be  found  on  his  ground  a  plant  w^hich  produces 
one  or  another  kind  of  gum  or  other  viscous  substance  (getah).  Getah,  mixed  wdth 
some  kind  of  a  treacle  (tetes),  smeared  on  a  x^iece  of  paper  or  stick  of  wood,  and  hung 
up  in  the  cattle  stall,  serves  the  purpose  very  well. 

*'  Third  measure. — To  destroy  or  render  harmless  the  hosts  of  the  infection,  i.  e.,  the 
sick  animals.     ^    *    * 

"Thus  far  we  are  obliged  to  resort  to  a  very  radical  measure,  that  of  destroying  the 
infectious  material  in  as  short  a  time  as  possible,  i,  e.,  killing  the  sick  animals. 

* '  On  the  outbreak  of  an  epidemic  of  surra,  so  long  as  another  and  less  costly  measure 
is  wanting,  authority  should  be  requested  from  the  head  of  the  provincial  government 
to  take  possession  of  animals  sick  with  the  disease  and  to  kill  them,  in  the  hope  of 
checking  its  spread  from  the  very  beginning.  If,  how-ever,  too  large  a  proportion  of 
the  animals  have  become  infected,  so  harsh  a  measure  could  hardly  be  carried  out; 
but  we  woidd  suggest  in  that  event  that  the  spread  of  the  infection  may  to  a  large 
extent  be  prevented  by  a  strict  isolation  of  animals  in  spacious  dark  stalls  where  great 
cleanliness  is  observed. 

"I  wish  also  to  call  attention  to  the  following  point:  In  the  blood  of  emaciated 
animals  we  repeatedly  found  Trypanosoma,  w^hile  clinically  individuals  suffer  wdth 
emaciation  for  a  considerable  time,  without  showing,  however,  any  other  single  defi- 
nite symptom.  It  is  just  these  animals  from  which  a  spread  of  the  disease  through 
flies  should  be  feared,  since  we  have  been  able  to  determine  that  w^henever  such 
chronic  sufferers  from  surra  die,  their  blood  contains  large  quantities  of  parasites. 
In  the  eradication  as  w^ell  as  in  the  prevention  of  surra  it  is  therefore  of  great  impor- 
tance to  know  this  fact,  in  order  that  the  emaciated  animals  in  the  district  may  be 
looked  after.  Since  this  is  so,  and  since  in  the  examination  of  the  blood  of  these  ani- 
mals surra  parasites  appear  to  be  present,  these  hosts  of  the  infection  should  first  of 
all  be  rendered  harmless. 

"Our  purpose  is  only  to  put  these  rules  in  such  a  form  that  they  may  best  be 
applied  to  the  purpose  in  view;  that  is,  the  prevention  of  surra." 

Some  of  the  earlier  recommendations  for  the  suppression  of  the  epidemic  in  the 
Philippine  Islands  were  not  only  unsatisfactory,  but  dangerous.  Smith  recommended 
isolation  of  sick  animals  at  a  distance  of  one-half  mile. 

Curry,  in  his  original  communication,  recommended  (1)  the  isolation  (at  least  one- 
half  mile)  of  infected  animals,  (2)  the  protection  of  infected  animals  from  flies,  (3) 
tlie  protection  of  healthy  animals,  and  (4)  the  keeping  of  flies  out  of  stables.  Early 
in  1902  proj)er  advice  in  regard  to  measures  for  the  control  of  the  epidemic  was  given 
to  the  public  by  the  government  laboratories  in  a  popular  article  in  the  Spanish 
press. 

In  a  later  publication  Curry  realized  fully  the  weakness  of  his  first  recommenda- 
tions, and  made  additional  suggestions  wdiich,  had  they  been  followed  at  that  time, 
would  have  resulted  in  the  saving  of  millions  of  dollars  to  the  country.  In  substance, 
these  were  the  destruction  of  all  infected  animals  and  of  as  many  flies  as  possible, 
and  the  protection  of  healthy  animals. 
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Considerable  delay  in  establishing  rules  which  will  control  the  infection  here  and 
which  eventually  will  of  necessity  be  adopted,  has  been  occasioned  by  efforts  to 
minimize  the  importance  of  the  agency  which  flies  constitute  in  the  transmission  of 
the  disease  and  to  push  forward  the  untenable  theory  that  food  and  water  are  infect- 
ing agents. 

In  the  absence  of  any  general  plans  and  recommendations  from  the  authorities, 
misguided  local  efforts  have  been  made  in  communities,  causing  unnecessary  expense 
and  trouble  and  utterly  failing  to  accomplish  the  purpose  for  which  they  were 
intended.  Several  municipalities  have  absolutely  forbidden  the  use  of  native  feed 
for  animals  and  have  promulgated  long,  useless  rules  for  isolation,  etc. 

A  set  of  rules  which  was  adopted  by  one  of  the  provincial  boards  of  health  and 
which  was  sent  to  us  for  remarks  is  as  follows: 

"1.  All  sick  horses  must  be  isolated  to  a  pasture  separate  from  the  rest  of  the  herd.  ■ 

'  *  2.  Inspections  must  be  made  daily  and  sick  horses  transferred  to  isolated  pastures. 

'*3.  The  bodies  of  dead  horses  must  be  burned  or  buried  intrenches  at  least  10 
feet  in  depth. 

'^.  Those  who  attend  to  diseased  horses  must  not  take  care  of  other  horses. 

"5.  No  efforts  must  be  made  to  preserve  the  hides  of  diseased  horses,  for  their  sale 
will  not  be  permitted. 

*  *  6.  The  pasture  used  for  diseased  horses  shall  not  be  used  for  other  horses  or  cat- 
tle for  a  period  of  two  years  after  the  epidemic. 

"7.  Diseased  horses  shall  not  be  watered  in  running  streams,  nor  shall  they  be 
bathed  in  streams  or  rivers  used  for  other  horses." 

Of  course  such  rules  need  no  comment.  They  show,  on  the  other  hand,  that  the 
intelligent  element  of  the  country  is  aroused  to  the  necessity  of  doing  something, 
and  not  knowing  just  what  is  best,  follows  out  the  dangerous  suggestions  of  the 
earlier  writers  in  regard  to  the  epidemic  in  these  islands.  These  are,  however,  in 
substance  the  antiquated  ones  of  literature.  In  the  face  of  all  this  it  behooves  us  to 
reach  the  root  of  this  subject  for  the  information  of  the  better  classes,  and  to  suggest 
regulations  which  will  place  the  execution  of  efiicient  measures  in  the  hands  of  the 
proper  officials. 

We  have  already  dealt  with  the  methods  for  preventing  infection  in  a  virgin  coun- 
try and  reinfection  in  countries  where  the  disease  is  already  prevalent,  and  will  now 
take  up  the  discussion  of  methods  looking  to  the  control  and  suppression  of  surra  in 
our  own  country.  To  be  fully  efficient,  recommendations  must,  of  course,  be  practi- 
cable and  of  such  a  nature  that  the  cooperation  of  the  public  may  be  obtained.  The 
necessary  considerations  are: 

1.  The  destruction  of  all  infected  animals — 
(a)  Animals  of  economic  importance. 

Cb)  Rats  and  mice. 

(c)  Game  and  other  wild  animals. 

2.  The  destruction  of  biting  insects. 

3.  The  protection  of  contact  animals  from  flies  during  the  incubation  period. 

4.  Miscellaneous  measures. 

First. — The  destruction  of  all  infected  animals  would  make  other  measures  unnec- 
essary; but  this  offers  so  many  difficulties,  especially  in  the  provinces  and  outlying 
districts,  that  it  will  be  found  advisable  to  reinforce  this  measure  by  the  other 
methods  discussed. 

{('')  Animals  of  economic  importance. — In  Manila  and  other  cities  with  organized 
sanitary  corps  diseased  animals  should  be  located  without  any  difficulty.  To  do 
this  to  the  best  advantage  and  to  make  the  work  systematic  necessitates  that  the 
whole  matter  be  placed  in  the  hands  of  a  single  bureau,  and  that  bureau  should  of 
course  be  the  insular  board  of  health.  Other  points  in  the  accomplishment  of  this 
task  are  matters  of  detail,  w^hich  may  readily  be  solved  by  the  board  of  health. 
There  can  be  no  question  that  this  matter  properly  belongs  under  the  control  of  the 
sanitary  bureau,  just  as  do  the  infectious  diseases  of  man.  In  fact,  as  already  shown, 
there  have  been  16  cases  of  trypanosomiasis  in  man  and  the  chances  are  that  many 
more  will  be  found. 

The  work  of  detecting  all  diseased  animals  will  necessitate  some  kind  of  a  system- 
atic inspection,  which  may  easily  be  carried  out  in  Manila  and  other  cities  by  those 
chaTged  with  such  duties  in  guarding  the  public  welfare.  In  addition  to  the  daily 
inspection  by  sanitary  inspectors  of  all  horses  found  in  stables,  all  other  officials,  such 
as  medical,  veterinary,  and  police  officers,  might  be  required  to  report  all  sick  animals 
coming  under  their  cognizance  to  an  official  of  the  board  of  health. 

How  best  to  secure  the  cooperation  of  the  general  public  in  reporting  sick  animals 
is  a  problem  open  for  discussion.  Several  officials  interested  in  this  work  have  sug- 
gested the  advisability  of  the  government's  buying  all  sick  animals,  arguing  that  a 
reasonable  offer  would  cause  all  such  to  be  brought  in  and  thus  prove  economical  in 
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tlie  end,  whereas,  if  coercion  were  attempted,  the  more  ignorant  people  would  hide 
their  animals  for  days  and  probably  for  weeks  before  they  could  be  found  by  the 
authorities,  thus  adding  materially  to  the  spread  of  the  disease.  This  argument  has 
something  in  its  favor,  but  it  seems  to  us  on  the  wliole  a  dangerous  policy— the  i)ur- 
cliase  of  good  citizenship— whicli,  although  it  might  give  immediate  results  of  a 
temporary  nature,  would  in  the  end  prove  urn  atisfactory.  The  purchase  of  supersti- 
tion or  nialice,  whether  it  be  Avith  candy  in  the  case  of  children  or  with  money  in 
that  of  adults,  and  whether  in  the  schoolroom  or  in  the  municipal  office,  invariably 
leads  to  disaster. 

It  appears  to  us  that  the  reconnnendations  jnade  should  be  just  and  equable,  and 
sucli  as  will  be  supported  by  tlie  intelligent  part  of  the  community  and  in  the  end 
will  result  in  the  elevation  of  the  standard  oi  citizenship  of  the  ignorant.  Undoubt- 
edly right  demands  the  cooperation  of  the  public  in  such  an  undertaking,  and  we 
believe  that  the  law  should  require  owners,  agents,  and  custodians  of  animals  to 
report  those  sick  and  that  the  failure  to  do  so  should  be  punishable  by  law. 

The  manner  and  time  of  inspections  and  the  reporting  of  sick  animals  in  cities  are 
matters  of  detail,  which  need  no  discussion  here,  while  rules  applicable  to  the  pro- 
vinces and  outlying  districts  may  be  diawn  up  to  meet  conditions.  The  methods 
best  adapted  for  searching  out  the  infected  anin.als  may  be  subject  to  discussion,  but 
the  disposition  of  tliem  when  once  found  does  not  admit  of  argument.  There  is  only 
one  thing  to  do  with  a  horse  suffering  from  trypanosomiasis,  and  that  is  to  destroy 
him  immediately.  To  do  this  efficiently  and  quickly  necessitates  the  placing  of 
authority  in  such  a  manner  as  to  avoid  the  loss  of  lime. 

Immediately  after  the  death  or  destruction  of  an  animal  suffering  from  this  disease, 
the  body  should  be  protected  from  flies,  and  other  insects,  and  disposed  of  as  soon 
as  possible.  This  may  be  done  in  one  of  several  ways.  In  cities,  probably  the  most 
satisfactory  way  is  to  'take  the  body  to  the  crematory  in  a  fly-proof  wagon  and  have 
it  burned \at  once.  Where  means  for  such  disposition  are  not  at  hand,  which  is 
generally  the  case  in  rural  districts,  the  body  may  ])e  buried  at  a  sufficient  depth  to 
keep  dogs  and  flies  away  from  the  carcass  for  forty- eight  hours,  or  it  may  simply  be 
pr(^tected  by  mosquito  netting,  or  otherwise,  foi  the  same  length  of  time,  and  then 
disposed  of  in  any  sanitary  manner. 

It  is  well  to  call  attention  to  the  care  which  should  be  exercised  in  performing 
necropsies  on  animals  dead  of  the  disease.  This  should  either  be  done  under  pro- 
tection from  flies,  or,  if  this  is  not  ])racticable,  all  living  animals  should  be  removed 
from  the  immediate  vicinity  and  kept  away  for  forty-eight  hours.  In  any  event,  the 
blood,  organs,  etc.,  should  be  protected  from  fliers  and  dogs,  in  the  same  manner  as 
the  whole  body,  for  from  twenty-four  to  forty-eight  hours. 

{b)  Desiriiction  of  rai,s.— There  is  no  longer  any  doubt  that  a  certain  number  of 
these  pests  harbor  Tr.  evansii,  and  that  they  have  a  practical  significance  in  the  spread 
of  the  disease.  The  annual  destruction  of  thousands  of  them  in  Manila,  on  account 
of  the  plague,  as  already  mentioned,  will  no  doubt  reduce  the  danger  of  the  spread 
of  surra  from  this  cause  to  a  minimum.  In  the  provinces,  and  cities,  however,  where 
this  wholesale  destruction  is  not  carried  on,  the  importance  of  looking  after  this  work 
with  especial  reference  to  surra  is  more  urgent.  ^ 

Fortunately,  whether  in  the  city  or  in  the  country,  great  difficulty  is  rarely 
experienced  in  destroying  large  numbers  of  rata  by  poisoning;  and  it  is  recommended 
that  such  a  procedure  be  carried  out  as  a  matter  of  routine  in  methods  adopted  for 
the  control  of  the  disease  under  discussion. 

(c)  Destruction  of  game  and  other  wild  animals.~\n  other  countries,  thespreacl  and 
perpetuation  of  the  "infection  is  undoubtedly  carried  on  by  wild  animals,  and  if  our 
work  in  stamping  out  the  infection  here  is  not  prompt  and  vigorous  it  will  m  all 
probability  become  one  of  the  conditions  that  we  shall  have  to  face  here  later  on,  if 
it  does  not  already  exist  to  a  limited  extent.  Tliis  is  a  matter  to  be  kept  constantly 
in  mind  in  dealing  with  this  disease,  and  our  plant!  might  well  be  broad  enough  to 
cover  this  point.  This  source  of  danger  will,  even  under  the  most  favorable  condi- 
tions, rarely  become  a  great  menace  in  cities,  but  some  precautions  are  nevertheless 

A  law  which  will  prevent  the  reinfection  of  the  country  by  such  animals  is  of  the 
highest  importance.  With  the  prohibition  of  the  admission  of  circus  and  other  wild 
animals,  except  under  certain  regulated  conditions,  there  still  remain  for  considera- 
tion the  public  animals  of  our  parks.  While  the  disease  is  constantly  prevalent  in 
Manila  there  is  nothing  to  prevent  some  of  the  animals  m  the  Zoological  Garden 
from  contracting  it,  and  on  account  of  the  harmlessness  of  the  infection  m  these 
animals,  they  might  become  an  indefinite  foetus  for  the  diffusion  of  the  disease.  It 
seems  to  us  that  the  easiest  and  most  practical  way  of  avoiding  this  danger  would  be 
to  inclose  all  such  animals  in  fly  and  mosquito  prooi  screened  areas,  as  is  now  being 
done  in  many  of  the  large  zoological  gardens  in  other  countries.     Researches  of 


548  EEPORT    OF    THE    PHILIPPINE    COMMISSION. 

recent  years  have  shown  the  necessity  of  this  precaution,  since  many  wild  animals 
act  as  hosts  for  other  parasitic  diseases  communicable  to  man,  which  need  not  here 
be  discussed. 

2.  Destruction  of  stinghig  and  biting  insects. — As  has  already  been  stated,  if  the 
destruction  of  infected  annuals  (the  hosts)  were  carried  out  systematically  and  with 
thorougliness,  flies  and  otlier  insects  as  carriers  of  the  infection  would  l)e  harndess. 
AVhile  we  luive  sacriticed  the  ideal  in  the  disposition  of  infected  animals  to  the  prac- 
tical, as  far  as  possible  within  the  limits  of  efficiency,  we  fully  realize  that  conditions 
may  make  still  further  sacrifices  necessary.  It  is  principally  for  this  reason  that  we 
have  taken  up  the  consideration  of  auxiliary  measures  to  supply  what  may  nei^es- 
sarily  be  lost  in  the  efficiency  of  the  more  desirable  ones. 

Insects  are  becoming  of  so  much  imi:>ortance  in  "ftie  propagation  of  other  diseases, 
both  of  man  and  of  animals,  especially  in  the  Tropics,  that  we  are  urged  to  recom- 
mend their  partial  destruction  on  account  of  surra  with  more  assurance,  knowing 
that  the  fulfillment  of  our  hopes  would  be  a  distinct  step  in  advance  in  preventive 
medicine  in  general. 

To  illustrate  what  we  sliall  some  day  be  compelled  to  face  here,  the  best  medical 
thought  of  Europe  and  America  is  already  concerning  itself  with  the  effect  which 
fast  travel  to  the  Orient  is  likely  to  have  upon  the  introduction  of  yellow  fever  to 
this  part  of  the  world.  The  proposed  interoceanic  canal  lias  l)rought  this  subject 
afresh  before  the  world.  Tlie  mosquito  of  yellow  fever  is  one  of  tlie  most  common 
in  the  Philippine  Islands,  and  with  the  shortening  of  the  voyage  from  fever-infected 
countries  by  the  proposed  canal,  and,  for  that  matter  without  the  canal,  by  the 
increased  speed  of  our  modern  ocean-going  vessels,  the  time  required  to  travel  from 
those  comitries  to  the  Orient  will  be  brought  within  the  limit  in  which  the  disease 
may  be  transmitted.  Without  dealing  further  with  present  and  prospective  ])rob- 
lems,  depending,  to  a  cxftain  extent,  upon  the  disposition  of  certain  insects  f  )r  their 
solution,  we  shall  resume  the  discussion  in  hand. 

The  most  important  insects  to  be  destroyed,  because  of  the  part  they  play  in  carry- 
ing surra,  are  the  biting  flies.  To  accomplish  this  in  the  most  extensive  manner,  and 
with  the  least  amount  of  work,  resolves  itself  into  the  destruction  of  their  breeding 
places  by  the  proper  disposition  of  fecal  matter.  As  has  been  reconunended  by 
various  writers,  this  may  best  be  done  by  burning  all  offal  during  the  dry  season. 
Methods  upon  a  smaller  scale  looking  to  the  same  end  are  too  well  known  to  need 
discussion  here.  Cleanliness  around  livery  stables  and  large  corrals  belonging  to  the 
government  and  to  other  persons  is  particularly  desirable,  because  it  is  naturally  in 
such  places  that  the  danger  is  the  greatest  on  account  of  the  close  j)roximity  of  the 
animals  and  the  large  number  of  flies  usually  found  there. 

Recommendations  and  methods  for  the  destruction  of  mosquitoes  are  so  recent  and 
so  well  known  that  this  part  of  the  subject  may  be  omitted. 

The  destruction  of  fleas,  which  are  second  in  importance  to  flies  in  the  trans- 
mission of  surra,  is,  so  far  as  w^e  are  informed,  an  unsolved  problem. 

3.  Treatment  of  contact  animals. — The  blood  of  an  infected  animal  is  infectious 
before  the  symptoms  are  present,  or  parasites  found  in  the  blood  by  microscopic 
examination,  so  that  the  necessity  of  protecting  contact  animals  during  the  incuba- 
tion period  of  the  disease  is  evident. 

There  are  several  ways  of  accomplishing  this.  When  surra  is  found  in  a  stable, 
contact  animals  should  be  quarantined  where  tiiey  are,  for  at  least  seven  days.  The 
diseased  horse,  after  removal,  should  be  protected  from  flies  during  the  first  forty- 
eight  hours,  and  if  several  are  present  they  should  be  protected  from  each  other. 
Where  there  are  only  one  or  two  diseased  animals,  they  may  be  protected  by  mos- 
quito bars,  by  smearing  with  iodoform  ointment,  w^ashing  with  solution  of  creolin, 
burning  smudges  in  the  stables,  or  by  other  w^ell-known  methods.  Where  there  is 
a  large  number,  as  in  a  livery  stable,  it  wdll  be  found  easier  to  destroy  or  remove  the 
flies  by  smudges,  darkening  of  the  stalls,  etc. 

All  rats  around  such  places  should  be  poisoned  and  the  general  sanitation,  espe- 
cially wdth  reference  to  breeding  insects,  should  be  improved. 

Temperatures  of  all  contact  animals  should,  of  course,  be  taken  twice  daily  during 
the  incubation  period,  and  the  animals  should  be  carefully  examined  for  other 
symptoms.  It  is  hardly  necessary  to  repeat  here  that  as  soon  as  an  infected  animal 
is  found  it  should  be  destroyed. 

4.  Miscellaneous  measures. — Musgrave  and  Williamson,  in  a  preliminary  report, 
offered  the  following  suggestions  to  owners  of  private  stables  or  individual  horses. 

'' When  using  the  animals  in  the  daytime,  as  much  as  possible  avoid  allowing  a 
horse  to  stand  in  a  group  of  other  liorses.  To  illustrate:  Only  a  few  days  ago,  we 
observed  standing  in  front  of  a  Government  building  some  thirty  or  forty  horses,  and 
one  of  them,  hitched  to  a  public  carromatta,  had  a  well-advanced  case  of  trypano- 
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somiasis.  Should  such  a  thing  happen  during  the  season  of  biting  flies,  the  (hmger 
of  infection  to  all  would  be  v(;ry  great. 

"Stables  nhould  be  kept  scru})ulously  clean  and  well  ventilat(>d  and  excreta  and 
waste  should  be  promptly  removed. 

"All  sores  of  whatever  character  on  horses  should  be  kept  (covered  with  a  suitable 
ointment  to  keep  off  tlie  flies. 

"  Ksi)ecially  valuable  horses  may  be  provided  with  screeryed  stalls. 

"There  is  no  conclusive  evidence,  so  far  as  trypanosomiasis  is  concerned,  of  any 
danger  from  allowing  horses  to  drink  the  city  water  or  to  eat  food  supplied  in  the 
Manila  market. 

"  U})on  tlie  appearance  of  illness  in  a  horse  a  competent  observer  sliould  be  asked 
to  examine  the  animal." 

All  kinds  of  sores  on  animals  should  be  kept  covered  with  tar,  iodoform  ointment, 
or  some  otlier  substance  disagreeable  to  insects.  The  legs  and  edges  of  the  hoofs 
sliould  be  carefully  looked  after.  Rats  should  Ije  kept  away  from  stables  by  system- 
atic poisoning  or  should  be  cauglit  with  traps.  Other  little  points  worth  looking 
after  will  suggest  themselves  to  the  thoughtful  mind. 

That  from  which  the  public  in  general  will  derive  the  greatest  benefit,  and  which 
will  give  results  to  every  stock  owner,  is  the  moral  support  of  the  officials  intrusted 
with  the  handling  of  this  problem. 

SEKUM   THERAPY. 

In  this  day  of  scientific  advance  in  medicine,  the  trained  mind  naturally  turns  to 
the  possibility  of  preparing  prophylactic  or  curative  sera  for  disease,  and  as  all  other 
remedial  measures  have  proved  a  failure  in  surra,  this  seems  to  be  tlie  only  hope. 
Considerable  work  in  this  direction  has  been  done  during  the  past  few^  years,  and 
while  as  yet  not  successful,  the  outlook  is  not  altogether  discouraging.^ 

Kocli  professed  to  have  established  a  successful  method  of  preventive  inoculation 
based  upon  the  attenuation  of  the  parasites  by  successive  passages  through  other 
animals.     His  experiments  are  given  as  follow^s: 

"On  the  8th  of  September,  1897,  there  were  inoculated  with  the  defibrinated  blood 
of  an  ox,  rich  in  Trypanosoma^  the  following  animals:  One  ass  of  Massai,  one  cow, 
two  calves,  two  monkeys,  two  guinea  pigs,  tw^o  rats,  and  one  dog.  The  ass  of  Mas- 
sai, the  monkeys,  and  the  guinea  pigs  remained  in  good  health;  no  sign  of  infection 
was  observed  in  them.  The.  cow  died  at  the  end  of  thirty-nine  days,  the  calves  at 
the  end  of  forty-one  and  forty-nine  days,  the  rats  at  the  end  of  thirty-four  and  fifty- 
two  days,  and  the  dog  at  the  end  of  nineteen  days. 

"On  the  15th  of  October,  1897,  the  blood  of  one  of  the  rats  inoculated  on  the  6th 
of  September  was  injected  into  two  rats  and  one  dog.  One  of  these  rats  was  found 
dead  six  days  after  inoculation,  showing  the  appearance  of  Trypanosoma  in  the  blood; 
the  second  rat  showed  Trypanosoma  thirteen  days  after  inoculation  but  did  not  die 
until  sixty-eight  days  thereafter.  The  dog  died  at  the  end  of  forty-two  days,  and  its 
blood  was  utilized  for  the  third  passage. 

"On  the  80th  of  October  there  were  inoculated  with  the  blood  of  the  dog,  two  dogs, 
two  oxen,  four  asses  of  Massai,  and  three  rats.  The  dogs  died  after  nineteen  and 
twenty-six  days,  tlie  rats  at  the  end  of  sixty-seven,  seventy-three,  and  eighty  days; 
and  the  asses  >^  ere  not  infected." 

Laveran  and  Mesnil  criticise  Koch's  w^ork,  stating  that  a  certain  percentage  of  cows 
are  known  to  recover  from  both  nagana  and  surra,  and  that  the  attenuation  of  Tryp- 
anosoma  by  successive  passages  through  different  species  of  animals  is  very  slight. 

Nocard  immunized  a  calf  that  had  recovered  from  nagana  with  increasing  doses  of 
virulent  blood  nntil  it  had  received  850  c.  c.  in  all.  The  animal  was  then  proved 
free  from  infection  by  animal  experiment,  but  its  serum  had  neither  preventive  nor 
curative  properties  in  mice,  and  mixed  with  infected  blood  produced  tlie  disease  with 
a  prolonged  incubation.     This  serum  was  very  agglutinative  for  Trypanosoma. 

Host  gave  a  pony  sick  with  surra  10  drops  of  normal  goat  blood  subcutaneously, 
and  10  more  drops  four  days  afterwards  in  the  same  manner.  A  temporary  diminu- 
tion of  the  parasites  and  a  fall  of  the  temperature  followed  each  injection. 

Another  pony,  which  had  the  disease  in  an  advanced  form,  was  given  20  drops  of 
mule's  blood  by  subcutaneous  injection.  The  parasites  temporarily  disappeared,  but 
returned  in  greater  numbers,  and  the  animal  died  on  the  fifth  day  after  inoculation. 

Another  pony  infected  with  surra,  and  the  blood  of  which  was  rich  in  Trypano- 
soma, was  given  subcutaneously  30  drops  of  the  blood  of  a  goat  which  had  recovered 
from  a  single  injection  of  surra.  The  parasites  temporarily  disappeared.  Another 
injection  was  given  on  the  twenty-third  day,  and  a  temporary  disappearance  of  the 
parasites  again  resulted.    On  the  twenty-eighth  day  the  parasites  were  again  numer- 
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ous,  and  another  dose  of  goat  serum,  which  had  been  highly  fortified  by  injections 
of  surra  blood,  was  given,  followed  by  another  fall  of  temperature  and  "^tlie  perma- 
nent disappearance  of  the  parasites.  The  animlil  continued  to  grow  fat,  but  on  the 
twenty-third  day  after  the  last  injection  the  temperature  again  rose,  and  (leath  tinally 
occurred  from  tuberculosis. 

Sterilized  filtered  goat  serum  caused  a  temporary  disappearance  of  the  Triijxmosoma 
in  a  horse  sick  with  surra,  but  the  disease  followed  its  regular  course  and  the  animal 
was  shot  before  death.  Ten  mules  were  treated  with  serum  without  encouraging 
results;  in  fact,  the  contrary  was  true,  for  k^ost  concluded  that  the  sterilized  serum 
of  immunized  goats  produced  exacerbations  of  the  disease  in  nudes. 

His  best  results  were  obtained  from  normal  or  slightly  fortified  goat's  serum,  for 
the  more  highly  he  immunized  his  goats  tlie  worse  were  the  results  obtained.  He 
immunized  a  goat  with  surra  blood  taken  from  the  same  species  of  aninmls  which  he 
afterwards  treated  with  the  serum,  and  during  a  period  of  eight  days  he  sterilized 
it  daily  for  four  hours  at  57°  C.  He  says  that  the  imnuniized  goat's  serum  killed 
surra  parasites  under  tlie  microscope. 

Voges  inoculated  a  cow  for  eighteen  successive  months  with  virulent  blood,  but 
the  serum  obtained  from  the  animal  was  w^orthless,  eitlier  as  a  preventive  or  curative. 

In  Schat's  work  the  serum  obtained  from  cows  which  had  recovered  from  surra 
was  injected  into  other  cattle  and  into  rabbits,  and  in  some  cases  it  seemed  to  exer- 
cise certain  preventive  and  curative  influence  on  tlie  disease. 

He  immunized  a  cow  against  Trypanosoyna  by  increa^^ing  doses  of  defibrinated 
blood  during  a  period  of  two  months.  The  serum  obtained  from  this  cow  was 
injected  in  doses  of  10  c.  c.  into  two  calves  known  to  be  nonimmune.  Twenty-four 
hours  after  the  last  injection  of  serum  tlie  animals  were  inoculated  with  surra  blood. 
A  control  was  inoculated  at  the  same  time.  On  the  sixth  day  parasites  appe^ared  in 
the  blood  of  all  the  three  animals,  disax)pearing  from  that  of  the  immunized  calves 
at  the  end  of  four  days  and  from  the  control  at  the  end  of  five  days.  The  protected 
calves  returned  to  health,  but  parasites  agaiii  appeared  in  the  case  of  the  control,  and 
the  latter  w^ent  through  the  regular  course  of  the  disease. 

A  rabbit  was  protected  by  5  c.  c.  of  the  same  serum,  with  only  a  temi)orary  appear- 
ance of  the  parasites.  Three  rabbits  were  inoculated  wdth  mixtures  of  cow's  serum 
and  blood  containing  Trypanosoma.  One  of  them  developed  the  disease,  while  the 
other  two,  where  the  mixture  was  kept  for  five  to  fifteen  minutes  before  injection, 
did  not  contract  the  disease. 

Laveran  and  Mesnil,  experimenting  mostly  witli  mice  and  rats  and  a  few^  dogs, 
state  that  human  serum  injected  in  sufficient  quantities  shows  manifest  action  on  the 
disease.  Trypanosoma  disappear  from  the  blood  at  least  temporarily,  the  evolution 
of  the  disease  is  retarded,  and  sometimes  a  <  omplete  cure  results  in  the  case  of  mice 
and  rats.  The  serum  of  adults  is  more  acti  /e  than  that  of  children  and  maintains 
its  activity  for  a  considerable  time  when  preserved  aseptically-  Pleural  effusions 
are  less  active  than  the  serum  from  the  blood,  while  the  activity  of  ascitic  fluid  is 
still  less.  In  infected  mice  they  used  doses  of  0.5  to  1  c.  c,  and  in  rats  doses  of  1  to 
2  c.  c,  which  caused  a  disappearance  of  tlie  parasites  in  eighteen  to  twenty-four 
hours  after  infection. 

They  had  four  successful  cures  out  of  a  very  large  nunil)er  of  rats  and  mice  so 
treated,  and  in  all  of  these  cases  it  was  obtained  after  one  or  two  injections.  In  those 
animals  from  the  blood  of  which  the  parasites  disappeared  only  temporarily,  they 
were  caused  to  disappear  time  after  time  by  repeating  the  injection,  and  if  they 
recurred  after  the  first  injection  a  complete  cure  was  never  produced. 

By  alternating  the  injections  of  human  serum  with  arsenic  the  influence  exercised 
on  the  longevity  of  animals  was  still  more  favornble,  but  there  were  no  complete 
cures.  One  rat  so  treated  lived  for  one  hundi  ed  a;  id  twenty -seven  days  and  a  mouse 
for  one  hundred  and  three  days. 

Human  serum  was  determined  to  be  just  as  active  for  mal  de  caderas  as  for  nagana, 
but  Tr.  lewisii  was  unaffected  by  the  treatment.  The  sera  of  birds,  chickens,  and 
geese,  highly  fortified  with  Trypanosoma  blood,  had  no  curative  power.  Large  num- 
bers of  sheep,  cows,  and  deer  recover  from  nagana,  but  their  sera  fail  to  show  either 
preventive  or  curative  properties,  and  do  not  acquire  them  when  immune  animals 
are  further  protected  by  large  doses  of  virulent  blood. 

According  to  these  authors,  sheep,  deer,  and  cattle  which  have  recovered  from 
nagana  possess  an  active  immunity  to  this  disea^  e. 

Human  serum  has  a  very  w^eak  preventive  \  <  )wer.  Mice  given  1  c.  c.  of  blood 
mixed  with  4  c.  c.  of  human  serum  show  no  infection.  Sometimes  this  result  may 
be  obtained  by  injecting  serum  and  blood  simultaneously  in  different  parts  of  the 
body.  If,  however,  the  serum  is  given  twenty-four  hours  after  the  virulent  blood, 
the  disease  appears,  the  only  result  noticed  being  an  increase  of  from  ^\q  to  nine 
days  in  the  length  of  the  incubation  period.     If  human  serum  is  injected  first  and 
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infected  blood  twenty-four  hours  later,  the  infection,  as  before,  takes  place  with  a 
prolonged  incubation.  In  those  mammals  which  do  not  contract  the  disease  by  the 
mjection  of  human  serum  and  infected  blood  an  active  immunity  is  established. 

The  sera  of  dogs,  sheep,  deer,  horses,  geese,  and  chickens,  when  mixed  with  tryp- 
anosomatic  blood,  are  still  infectious,  and  the  disease  runs  the  regular  course  with 
a  normal  incubation.  The  sera  of  animals  that  have  recovered  from  nagana  are 
without  value  as  either  preventive  or  curative  agents  in  the  disease.  The  serum  of 
sheep  which  have  recovered  from  nagana,  and  have  afterwards  been  further 
immunized,  shows  neither  preventive  nor  curative  properties.  Fortified  sera  from 
the  chicken  and  the  goose  are  worthless  as  a  means  of  prevention.  Chicken's 
serum  mixed  with  equal  parts  of  infected  blood  killed  a  mouse  in  fifteen  days,  while 
a  control  lived  for  seven  days. 

Strong,  commenting  on  Laveran  and  Mesnil's  work,  writes:  "We  had  already  pre- 
viously tried  injections  of  human  blood  into  monkeys  suffering  from  experimentally 
produced  trypanosomiasis  from  injections  of  Trypanosoma  evansii,  but  found,  while 
the  parasites  disappear  temporarily,  after  a  few  days  they  were  always  again  present 
in  the  circulating  blood.  Goat's  blood  and  bile  from  monkeys  that  had  died  of  the 
disease  were  also  tried,  but  with  like  results.  Goat's  serum  was  used,  as  these 
animals  are  relatively  immune  to  the  parasite.  Experiments  with  the  intravenous 
injection  of  benzoyl-acetyl  peroxide  will  be  performed  as  soon  as  the  animals  for 
experimental  purposes  can  }je  secured." 

Laveran  and  Mesnil  also  showed  that  infected  blood  kept  on  ice  or  at  the  temper- 
ature of  the  room  until  the  death  of  the  parasites  has  almost  resulted,  is  still  infec- 
tious, producing  no  change  in  the  course  or  the  duration  of  the  disease,  excepting  a 
prolongation  of  tlie  incubation  period.  Similar  results  were  obtained  with  blood 
heated  to  different  temperatures  for  different  periods  of  time.  The  addition  of 
toluidin  blue  to  infectious  blood,  in  the  proportion  of  1  to  100  parts,  did  not  modify 
its  virulence,  except  to  prolong  the  incubation. 

They  passed  Trypanosoma  through  sheep  six  times  and  then  through  a  dog,  but 
the  blood  remained  just  as  virulent  for  rats  and  mice  as  the  original  control.  They 
failed  to  confirm  Schilling's  and  Koch's  work.  The  difference  in  action  between 
their  Tr.  brucei  and  that  of  South  Africa  may  be  owing  to  the  difference  in  species  of 
the  cattle  or  to  an  attenuation  of  their  virus.  They  suggest  the  possibility  of  obtain- 
ing practical  good  by  infecting  the  South  African  cattle  with  the  milder  Tr.  brucei 
from  which  a  large  percentage  of  Paris  cattle  recover. 

Laveran  and  Mesnil  come  to  the  conclusion  that  all  attempts  at  prevention  or  cure 
have,  for  practical  purposes,  been  negative,  and  that  prophylactic  measures  which 
may  be  found  of  service  in  one  form  of  trypanosomiasis  will  probably  prove  equally 
efficacious  for  all. 

Schilling  states  that  he  attempted  to  attenuate  the  parasites  by  passing  them  through 
different  animals.  He  inoculated  three  horses  with  Trypanosoma  which  had  passed 
through  five  dogs.  They  all  contracted  the  disease  and  died.  Pie  then  inoculated  two 
horses  with  Trypanosoma  after  eight  passages  through  dogs,  as  a  result  of  which  they 
both  contracted  the  disease  and  died.  Parasites  which  had  been  passed  through  four 
cows  were  still  virulent  for  the  horse. 

In  a  second  paper  Schilling  writes  that  he  immunized  a  bull  which  had  recovered 
from  surra.  Parasites  were  found  in  the  blood  from  nine  to  twelve  days  after  the 
first  injection  of  10  c.  c,  but  none  w^ere  found  after  the  second  of  19  c.  c.,  which  was 
given  in  the  abdominal  cavity  a  month  later.  A  month  after  this  injection  the  serum 
in  thirty-one  minutes  killed  the  parasites  in  the  hanging  drop.  Further  immuniza- 
tion for  two  and  one-half  months  did  not  make  it  more  effective  in  vitro,  and  when 
employed  in  treatment  it  was  useless.  After  about  eight  months  the  animal  died  of 
hemorrhagic  enterocolitis,  but  Trypanosoma  were  not  present. 

Schilling  simultaneously  inoculated  three  calves  with  the  peritoneal  exudate  of  a 
dog  which  had  been  infected  by  an  abdominal  inoculation  of  Trypanosoma  after  they 
had  been  passed  through  the  peritoneum  of  other  dogs.  After  twenty -one,  twelve, 
and  fifteen  days,  respectively,  parasites  were  no  longer  found  in  these  calves.  The 
serum  showed  no  reaction  with  Trypanosoma.  These  animals  were  then  transferred 
to  an  infected  region,  one  dying  during  transportation,  while  the  other  two  were 
well  at  the  end  of  three  months. 

The  same  author  immunized  a  steer  in  a  similar  manner,  except  that  as  a  first 
inoculation  the  peritoneal  exudate  of  a  dog  inoculated  directly  from  a  horse  was 
used,  and  a  like  injection  was  given  sixteen  days  after  the  first.  Five  days  after  the 
first  injection  the  serum  showed  no  reaction  with  the  Trypanosoma,  hut  four  days 
after  the  second  one  it  agglutinated  them,  only  a  few  motile  ones  being  left  at  the 
end  of  thirty  minutes. 

Two  young  steers  were  immunized  with  doses  consisting  of  from  3  to  10  c.c.  of  the 
peritoneal  exudate  of  dogs  whic-h  seven  da}  s  before  had  been  inoculated  in  the 
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abdominal  cavity  with  virulent  blood.  On  the  fourteenth  and  fifteenth  days  after 
the  last  injection  tlie  serum  of  both  these  steers  showed  marked  antiparasitic  action 
on  tlie  Tn/panosorna,  killing:  them  in  thirteen  to  twenty-five  minutes.  Parasites  were 
absent  in  both  of  these  animals. 

Schilling  later  immunized  36  cattle  witlithe  peritoneal  exudate  of  dogs  which  had 
been  given  intraperitoneal  inoculations  of  Trypanosoma  attenuated  bv  passing  tliem 
through  7  dogs  and  rata  and  then  through  18  to  21  dogs.  The  peritoneal  exudate  of 
dogs  used  on  cattle  always  showed  numerous  Trypanosoma. 

Of  24  cattle  12  showed  parasites  in  the  blood  'on  the  tenth  day  after  inoculation. 
The  number  in  all  of  these  cases,  however,  was  very  small,  and  in  10  animals  they 
disappeared  m  from  one  to  two  days.  In  one  out  of  nine  cows  one  Trypanosoma 
was  found  in  a  preparation  made  on  the  ninth  day  after  the  second  inoculation,  while 
the  others  were  negative.  The  temperature  rose  to  40.3°  C.  on  the  fifth  day  after  the 
first  injection  in  the  case  of  one  of  these  animals,  but  it  fell  to  normal  within  three 
days.  On  the  same  day  a  single  parasite  was  seen,  but  after  that  none  were  to  be 
found;  indeed,  following  the  second  injection  of  large  numbers  of  Trypanosoma  the 
temperature  remained  normal  and  parasites  were  constantly  absent  from  the  T)lood. 

Eight  of  the  animals  previously  used  w^ere  examined  (subsequently  to  the  last 
injection)  to  determine  the  parasiticidaJ  power  of  the  blood  serum.  In  five  cases 
the  parasites  were  killed  in  twenty  minutes,  in  one  the  reaction  w^as  very  weak, 
while  in  two  there  w^as  no  reaction  whatever.  What  tlie  factors  in  the  production 
of  such  differences  were,  he  could  not  then  say  because  of  the  limited  time  and  the 
small  amount  of  material  at  his  disposal;  he  believed,  however,  that  the  cause  lay 
neither  m  the  quantity  of  injected  parasites  nor  in  the  time  which  had  elapsed 
between  the  first  and  second  inoculations. 

Of  the  animals  used  19  remained  in  Sokode,  9  were  taken  to  the  station  of  Atax- 
pane,  and  8  to  Mishohe  and  the  experimental  station  of  the  cotton  expedition  of  the 
Colonial  Scientific  Committee  in  Tove— all  places  at  wdiich  during  the  year  before 
animals  had  died  of  surra.  According  to  reports,  at  the  beginning  of  October  the 
inoculated  animals  were  well,  and  in  Tove  5  oxen  w^ere  doing  their  usual  work  in  the 
fields.  The  time  had  not  been  sufficiently  extended  for  him  to  come  to  any  definite 
conclusions. 

In  Sokede,  Schilling  found  a  naturally  infected  ass,  w^hich  he  watched  for  twenty- 
five  days.  It  has  already  been  stated  that  the  ass  of  Soudan  is  susceptible  to  surra. 
Attention  should  here  be  called  to  the  fact  that  there  are  some  racial  differences 
between  these  asses  and  those  of  East  Africa  with  which  Koch  worked,  and  which  he 
did  not  succeed  in  infecting.  In  one  of  his  experiments,  however,  the  inoculation  of 
surra  blood  into  a  small  w^ound  in  the  skin  of  the  ear  proved  negative.  Passages  of 
blood  taken  from  the  naturally  infected  animals  mentioned  above  were  made  through 
several  asses  by  the  subcutaneous  injection  of  large  doses.  Altogether  5  animals 
died  between  the  eleventh  and  fifteenth  days  after  inoculation,  with  all  the  symp- 
toms of  a  severe  general  infection  (fever  of  remittent  type).  Post-mortem  showed 
nothing  that  might  be  called  typical.  The  parasites  increased  very  rapidly  (incuba- 
tion about  four  days),  reaching  enormous  numbers.  From  this  we  may  conclude 
that  the  Soudan  ass  is  even  more  susceptible  than  the  horse. 

This  writer  inoculated  the  parasites  obtained  after  passages  through  5  asses  into  a 
small,  healthy  horse.  The  animal  suffered  an  acute  attack  of  surra,  but  the  course 
was  somewhat  unusual.  According  to  a  letter  received  from  Doctor  Kersting,  the 
animal  w^as  fairly  well  on  the  twenty-first  day  after  inoculation.  On  the  eighteenth 
day  no  parasites  could  be  found. 

He  believed  that  the  principle  of  successfully  immunizing  animals  against  the 
African  tsetse-fly  disease  (nagana)  had  been  discovered.  The  peculiarities  of  the 
nagana  parasite  with  reference  to  its  ever-present  host,  were  utilized  in  weakening 
its  virulence  for  certain  kinds  of  animals. 

In  looking  over  literature  carefully  one  is  struck  by  the  relative  immunity  to  surra 
of  certain  animals  that  are  susceptible  to  other  diseases. 

Mr.  Harford,  His  Britannic  Majesty's  consul  to  the  Philippine  Islands,  informs  me 
that  when  he  w^as  stationed  in  Africa  it  was  a  recognized  fact  that  **  salted"  animals 
were  less  susceptible  to  the  bite  of  the  tsetse  fly  than  others,  and  that  the  Govern- 
ment paid  increased  prices  for  such  animals  for  the  African  service.  By  ''salted" 
horses  are  meant  those  that  have  recovered  from  a  peculiar  disease  of  horses  preva- 
lent in  Africa,  and  by  ''salted"  cattle  those  that  had  recovered  from  rinderpest. 

G.  H.  Evans,  quoted  by  Lingard,  says:  "The  gaur  (Indian  bison)  and  osaing  suffer 
from  rinderpest  and  foot-and-mouth  disease,  yet  these  animals  have  not  up  to  the 
present  time  been  observed  with  surra,  although  a  careful  search  for  the  disease  has 
been  made.  They  Hve  in  a  jungle  where  the  flies  are  so  annoying  to  them  that  they 
have  to  go  into  the  open  to  escape  their  attacks." 
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In  India  a  large  pereontago  of  cattle  are  '^salted,"  that  is,  they  have  recovered  from 
rinderpest  or  from  the  "Reruiii  Hiinultancons  inoculation  method"  against  rinderpest, 
which  when  snc^cessfiil  residtM  in  a  mild  attack  of  tlie  disease. 

These  points,  and  the  fact  tliat  tlie  injection  of  rinderpest  hlood  into  dogs  prolongs 
tlie  incnl)ation  period  b<  >m(^\vliat,  suggest  a  possible  antipathy  between  surra  and  rinder- 
pest. We  have  ])erformed  a  nund)er  of  experiments  fully  to  determme  this  matter, 
and  have  come  to  the  conclusion  tliat  animals  suffering  from  rinderpest  or  recovered 
from  it  are  just  as  susceptible  to  surra  as  others. 

The  attempts  of  Schilling,  Koch,  and  others  to  attenuate  the  parasites  by  methods 
already  described,  in  which  they  believe  they  have  succeeded,  have  been  repeated 
by  us,  but  we  liave  been  unable  to  verify  tliefr  conclusions.  In  fact,  we  have  failed 
to  attenuate  Tn/panosoma  by  any  of  tlie  methods  employed.  Attempts  of  all  con- 
ceivable kindn  iiave  been  made  to  imnnmize  animals,  but  usually  without  success. 

In  the  beginning  of  our  work,  wlien  we  were  less  familiar  with  our  subject,  we 
believed  that  we  had  immunized  a  goat,  because  parasites  could  not  be  found  in  the 
blood;  but  it  was  later  discovered  that  the  blood  was  infectious  by  inoculation. 

We  have  succeeded  in  bringing  a  cow  up  to  the  point  where  the  injection  of  3,000 
c.  c.  of  blood  produced  l)ut  little  effect,  although  it  contained  large  numbers  of  Try- 
jKinosoma.  Tliis  animal  was  infected  and  ran  a  chronic  course  after  the  first  injec- 
tion of  10  c.  c,  and  tlie  lilood  remained  infectious  until  about  one  month  after  the 
last  injection  of  3,000  c.  c. ;  but  since  that  time,  now  three  months  ago,  the  blood  of 
this  animal  has  not  been  infectious  l)y  inoculation,  and  it  has  fattened  and  appears 
to  be  in  perfect  health.  Serum  taken  from  this  cow  at  different  times  has  been 
absolutely  valueless  either  as  preventive  or  curative  in  several  species  of  animals. 

Similar  negative  results  have  attended  all  our  extensive  work.  We  have  followed 
the  suggestions  of  others  and  have  conducted  many  original  experiments,  but  we 
have  had  no  results  ^^dlicll  seem  to  offer  hope  for  either  a  preventive  or  a  curative 
serum. 

TREATMENT. 

Many  drugs  have  been  used  in  attempts  to  cure  this,  disease,  but  so  far  without 
results  offering  any  hope  for  future  work  along  this  line. 

J5raid,  in  a  letter  written  in  1858  to  the  l^ritish  Medical  Journal,  suggested  the  use 
of  one  to  two  grains  of  arsenic  daily  in  cattle  suffering  from  the  bite  of  the  tsetse  fly. 
Tliis  letter  was  called  to  the  attention  of  Dr.  Livingstone,  and  he  agreed  to  follow^  out 
the  suggestion  at  the  next  oppf)rtunity. 

In  a  letter  to  the  British  McHlical  Journal,  published  March  13,  1858,  Balfour 
indorses  Braid's  suggestion  as  to  the  use  of  arsenic,  but  recommends  Fowler's  solu- 
tion as  a  more  desirable  preparation,  provided  it  is  used  in  large  doses. 

Referring  to  the  letters  mentioned,  Livingstone  himself  writes  in  the  British 
Medical  Journal,  May  1,  185S,  as  follows: 

*'The  very  same  idea  with  respect  to  the  employment  of  arsenic  in  the  disease 
which  follows  the  bite  of  the  tsetse  occurred  to  my  own  mind  about  the  year  1847  or 
1848.  A  mare  belonging  to  i\lr.  ( Jordon  Gumming  was  brought  to  Kolobong,  after 
prolonged  exposure  to  the  bite  of  the  insect,  and,  as  it  was  unable  to  proceed  on  the 
journey  southward,  its  owner  left  it  to  die.  I  gave  it  two  grains  of  arsenic  in  a  little 
barley  daily  for  about  a  week,  when  an  eruption  resembling  smallpox  occurred. 
This  "induced  me  to  discontinue  the  medicine,  and  wdien  the  eruption  disappeared, 
the  animal's  coat  became  so  smootli  and  glossy  that  I  imagined  that  I  had  cured  the 
comnlaint;  for  after  the  bite  is  inflicted  the  coat  stares  as  if  the  animal  were  cold. 

''the  mare,  though  apparently  cured,  continued  lean.  This  I  was  rather  glad  of, 
as  it  is  well  known  l)etween  the 'latitudes  of  20°  to  27°  S.  that  when  a  horse  becomes 
fat  he  is  almost  sure  to  be  cut  off  by  a  species  of  pneumonia  commonly  called  'horse 
sickness.'  About  two  months  after  this  apparent  cure  the  coat  began  to  stare  again, 
but  this  time  it  had  remarkable  harshness  and  dryness.  I  tried  the  arsenic  again, 
but  the  mare  became  like  a  skeleton,  and  refused  to  touch  the  barley.  AVhen  I  tried 
to  coax  lier,  she  turned  her  mild  eye  so  imploringly,  and  so  evidently  meaning, 
'  My  dear  fellow,  I  would  rattier  die  of  the  disease  than  of  the  doctor,'  that  I  could 
not  force  her.  I  got  her  lifted  every  morning  to  feed,  and  saw  her  at  last^  perish 
through  sheer  exhaustion,  and  this  was  nearly  six  months  after  the  bite  was 
inflicted." 

Since  that  time  the  treatment  of  trypanosomiasis  by  arsenic  has  frequently  been 
mentioned  in  literature.  It  has  been  given  in  various  ways  and  in  all  reasonably 
sized  doses,  by  mouth,  subcutaneously,  and  intravenously.  The  pure  acid  as  well  as 
many  of  the  salts  have  l)een  used.  Some  writers  mention  its  previous  use  in  the 
treatment  of  the  disease,  while  others,  judging  from  their  wTitings,  thought  that  they 
were  trying  something  new. 


554  REPORT    OF   THE   PHILIPPIKE    COMMISSION. 

In  a  circular  letter  from  the  Headquarters  of  the  Diviaion  of  the  Philippines,  as 
late  as  January  11,  1902,  we  read  as  follows: 

"The  board  ordered  to  inquire  into  and  to  investigate  the  disease  of  animals  called 
surra  have  found  Fowler's  solution  of  arsenic,  given  intravenously,  to  destroy  the 
parasite  in  nearly  every  case,  and  animals  so  treated  are  doing  well,  but  such  treat- 
ment is  not  as  yet  conclusive  as  to  cure." 

Lingard  has  given  minute  directions  for  the  use  of  arsenic  to  accomplish  the  best 
results.  Some  writers  assert  that  arsenic  delays  the  course  of  the  disease,  and  a  few 
that  cures  may  result,  but  the  consensus  of  opinion  is  against  this,  and  without 
doubt  justly  so.  The  statement  that  arsenic  destroys  the  parasite  in  circulation  is 
without  a  particle  of  evidence  to  support  it.  That  the  parasite  may  not  be  found  by 
microscopical  examination  after  such  an  injection  is  true,  but  the  same  results  are 
just  as  likely  to  happen  after  the  injection  of  any  otlier  substance;  or,  for  that  mat- 
ter, it  is  occasionally  difficult  or  even  impossible  to  find  the  parasite  for  days  at  a 
time,  when  no  treatment  whatever  has  been  given.  However,  it  has  been  shown  by 
others,  and  the  observations  have  been  confirmed  by  us,  that  the  blood  at  this  time 
is  infectious  when  injected  into  susceptible  animals,  and  that  in  such  cases  the  para- 
sites alwavs  reappear. 

Laveran  and  Mesnil  conclude  that  human  serum  and  arsenic  are  the  only  substances 
that  have  shown  any  definite  activity,  and  that  under  certain  conditions  arsenic  may 
be  used  to  prolong  life. 

They  treated  animals  sick  from  nagana  with  arsenious  acid,  arsenite  of  soda,  arrhe- 
nal,  corrosive  sublimate, Donovan's  solution  of  arsenic  and  mercury,  potassium  iodide, 
quinine,  a  solution  of  arsenious  acid,  toluidin  blue,  methylene  blue,  and  several  of 
the  newer  silver  salts,  as  silver  lactate,  fluoride,  or  trachiol,  and  carseinate  of  silver, 
or  argonin,  without  curative  results. 

They  quote  Edington  as  having  caused  a  disappearance  of  the  parasites  in  sick 
animals  by  injecting  one  part  of  bile  of  animals  dead  of  the  disease  mixed  with  two 
parts  of  glycerin,  and  state  that  he  obtained  immunity  in  healthy  ones.  Laveran 
and  Mesnil  used  this  treatment  on  dogs  with  negative  results.  In  rats  and  mice  it 
did  not  influence  the  course  or  duration  of  the  disease. 

Bruce  used  arsenite  of  sodium  intravenously  in  large  doses.  He  concluded  that 
this  treatment  would  cause  a  temporary  disappearance  of  the  parasites  and  somewhat 
prolong  life,  but  that  it  would  not  cure  the  disease. 

Lesur  employed  subcutaneous  and  intravenous  injections  of  Fowler's  solution, 
cacodylate  of  sodium,  and  arrhenal  without  .definite  results. 

Deixome  made  use  of  arsenic,  cacodylate  of  sodium,  arrhenal  and  corrosive  subli- 
mate, but  to  no  purpose. 

Curry  tried  quinine  subcutaneously  and  intravenously,  methylene  blue  and  salt 
solution  intravenously,  arsenic  subcutaneously  and  by  mouth,  as  well  as  various 
tonics,  iron,  cinchona,  etc.,  but  the  animals  died  with  the  usual  regularity  in  spite 
of  treatment. 

Schilling  determined  quinine,  corrosive  sublimate,  and  bile  to  be  useless. 
Yoges  used  intravenous  injections  of  large  doses  of  quinine  and  methylene  blue, 
with  negative  results.  He  employed  also  the  following  without  any  benefit:  Enteral, 
sodium  salicytate,  turpentine,  potassium  permanganate,  potassium  iodide,  and  cor- 
rosive sublimate.  He  observed,  as  have  so  many  others,  a  temporary  improyement 
under  the  treatment  of  arsenic,  life  being  prolonged,  but  no  cures  effected. 

Three  native  ponies  were  treated  with  daily  intravenous  injections  of  large  quanti- 
ties of  1-1,000  solution  of  acetozone.  A  temporary  drop  of  the  temperature  often 
followed  treatment,  and,  as  in  the  case  of  almost  any  kind  of  an  injection,  the  para- 
sites sometimes  disappeared  for  a  short  time  from  the  circulation,  but  definite  or  per- 
manent results  were  not  obtained,  although  the  course  of  the  disease  was  somewhat 
shortened. 

As  has  already  been  shown,  several  substances  have  a  destructive  action  for  Tryp- 
anosoma in  the  hanging  drop,  but  no  such  favorable  action  was  obtained  from  any 
of  them  in  treatment,  whether  by  mouth,  subcutaneously,  or  intravenously.  The  fol- 
lowing have  been  used  by  us  in  the  treatment  of  animals  ill  of  the  disease,  but  in 
none  of  them  with  hopeful  results: 

Tysol,  creoHn,  infusion  of  pepo,  granatum,  santonin  in  the  form  of  freshly  prepared 
santonate  of  soda,  strychnine  arsenate.  Fowler's  solution,  spigelia,  copper  arsenite, 
pelleterine,  eucalyptus,  quinine  hydrochlorate  and  urea  and  combinations  of  several 
other  salts  and  quinine,  thymol,  chloral  hydrate,  glycerine,  methyl  alcohol,  acetic 
alcohol,  barium  chloride,  calcium  chloride,  magnesium  chloride,  picric  acid,  oxalic 
acid,  and  various  strengths  of  salt  solutions  alone  and  in  combination  with  other 
drugs,  carbolic  acid,  formaline,  potassium  permanganate,  cyanide  of  potassium,  uro- 
tropin,  turpentine,  cuprous  sulphate,  cupric  sulphate,  eosiii  water  soluble,  eosm  alco- 
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hoi  soluble,  potassium  acetate,  potassium  clilorate,  corrosive  sublimate,  arsenious 
aei<l,  methylene  bhie,  and  several  other  aniline  dyes. 

The  following  serums  have  also  been  used:  Antidiphtheri tic,  antistreptococcic, 
antirinderpestic,  antiplague,  antidysenteric,  antitetanic,  and  all  available  prophylactic 
preparations. 

Toxins,  toxic  cultures,  and  fresh  cultures  of  numerous  organisms  have  been  used, 
including  plague,  dysentery,  typhoid,  paracolon,  Malta  fever,  streptococcus  cholera, 
and  several  strains  of  colon  l)acilli. 

Blood  parasites  have  been  inoculated,  including  malaria  and  two  varieties  of  filaria. 

I^^xtensive  use  lias  been  made  of  human  blood  taken  from  fresh  necropsies  and  in 
the  following  diseases:  Cholera,  dysentery,  plague,  malaria,  typhoid,  Bright' s  dis- 
ease, leprosy,  and  malignant  neoplasms. 

Blood  from  the  lower  animals,  both  in  health  and  in  disease,  has  been  employed; 
from  healthy  cows  as  well  as  from  those  suffering  from  rinderpest  and  foot-and-mouth 
disease;  from  sheep,  goats,  deer,  rabbits,  guinea  pigs,  frogs,  chickens,  ducks,  pigeons, 
and  several  other  species  of  animals. 

Bile  and  other  excretions  and  secretions,  including  urine,  from  both  healthy  and 
diseased  animals  as  well  as  from  those  dead  of  surra,  have  been  used. 

Use  has  been  made  of  the  extracts  from  the  lymphatics,  the  adrenal,  and  the 
thymus,  as  well  as  from  organs  affected  with  surra  and  other  diseases. 

Recourse  has  been  had  to  X-ray  and  otlier  light  treatments,  various  emulsions  and 
preparations  of  blood,  and  attempted  att(^nuations  of  parasites. 

As  already  mentioned  under  serum  thera|)y,  considerable  time  has  been  devoted 
to  tlie  preparation  of  specilicsera;  and  numerous  injections  of  aspirated  serous  fluids 
and  tlie  contents  of  collodion  sacs  liave  been  kept  in  the  abdominal  cavity  of  suscep^ 
tiblc  animals  for  varying  lengtlis  of  time. 

In  all  this  work  we  have  not  obtained  a  single  rernvery,  nor  have  we  l)een  able  to 
bring  about  conditions  that  would  indicate  tlu^  sliglitest  hope  of  effecting  a  cure  in 
animals  when  once  they  have  contracted  the  disease. 

In  conclusion,  we  see*  no  hope  whatever  for  curative  treatment  along  lines  so  far 
investigated,  and  the  outlook  for  preventive  treatmc^nt  is  liardly  more  encouraging. 

From  a  casual  observation,  the  conditions  seem  unfavorable,  but  if  we  go  more 
deeply  into  the  matter  we  find  that  they  are  not  so  bad_ after  all.  The  disease  is  one 
which  can  certainly  be  prevented  in  a  country  not  yet  infected,  and  can  as  surely  be 
eradicated  from  one  where  it  is  already  epidemic  "^ by  means  which  are  thoroughly 
practicable.  There  is  presented  to  us' in  the  riiilippine  Islands  to-day  an  oppor- 
tunity to  accomplish  results  whicli  w^ill  be  gratifying  to  the  scientific  world,  and  which 
should  save  the  country  from  the  annual  loss  of  thousands  of  dollars. 

SUMMARY    AND    CONCLUSIONS. 

Trypanosomiasis  is  considered  to  be  a  general  iafection  caused  by  Trj/panosoma. 
The  term  trypanosomiasis  in  a  general  sense  is  used  to  designate  all  varieties  of  the 
infection  as  found  in  different  animals.  The  long  list  of  vernacular  names  now  in 
use,  except  surra,  should  be  discarded  or  else  allowed  to  fall  merely  as  synonyms, 
save  in  those  cases  where  the  infecting  parasite  is  shown  to  be  a  species  distinct  from 
that  of  T7\  evansii. 

A  study  of  the  history  of  the  disease  sho^vs  it  to  be  of  remote  origin,  records  of  it  in 
some  countries  dating  back  for  centuries. 

It  is  distributed  over  large  areas  of  the  tropical  and  sul>tropical  world,  correspond- 
ing closely  in  its  dissemination  to  the  malarial  zones. 

Trypanosoma  in  general  are  discussed  with  reference  to  history;  methods  of  study; 
general  characteristics,  including  modes  of  multiplication,  agglutination,  and  involu- 
tion forms;  distribution  in  the  body  and  outside  the  body;  life  cycle. 

The  life  cycle  is  as  yet  unknown,  but  is  believed  to  be  acted  out  entirely  within 
the  animal  economy. 

A  tentative  classification  has  been  adopted  for  purposes  of  study,  and  each  Tryp- 
anosoma of  importance  has  been  discussed  with  reference  to  its  principal  character- 
istics, habitat,  and  pathogenesis. 

The  differential  diagnosis  of  Trypanosoma  of  mammals,  like  the  life  cycle,  is  left  an 
open  question,  but  the  weight  of  evidence  in  literature  and  our  own  observations 
tend  to  the  conclusion  that  at  least  three  of  the  species  to  w^hich  separate  names 
have  been  given  are  in  reality  identical  with  Tr,  evansii. 

Under  the  discussion  of  modes  of  transmission  and  infection  the  only  point  upon 
which  emphasis  need  be  placed  is  the  conveyance  of  the  disease  through  wounded 
surfaces,  in  which  biting  insects,  particularly  flies  and  fleas,  serve  as  the  principal 
agencies.     It  is  clear  that  the  prevalence  of  the  disease  is  dependent  upon  the  presence 
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of  a  host  for  the  Trypcmmoma,  and  of  insects  for  their  transmission.  The  animals 
which  serve  as  hosts  for  the  perpetuation  of  the  disease  tliroogh  the  dry  season  vary 
in  different  countries.  In  Manila  sick  horses  exist  in  sufficient  nund)ers  to  carry  the 
infection  from  one  rainy  season  to  another;  cows  and  rats  may  also  aid  in  its  per])et- 
uation. 

Statements  concerning  the  infection  of  pastures  and  water  and  the  transmission  of 
the  Trypanmoma  through  sound  mucous  membranes  have  nothing  to  support  tliem. 

After  describing  the  general  pathologic  anatoujy  and  symptomatology,  we  have 
taken  up  the  discussion  of  the  infection  in  various  species  of  animals,  paying  ])artic- 
ular  attention  to  the  disease  in  those  of  economic  importance.  The  manner  in  which 
the  symptoms  vary  in  different  animals  has  made  tliis  necessary,  in  order  to  enable 
us  to  make  satisfactory  diagnoses  and  intelligently  to  control  the  epidemic. 

The  course,  the  duration,  the  prognosis,  the  complications,  and  the  diagnosis  have 
all  received  a  general  consideration. 

A  cJiapter  has  been  devoted  to  the  consideration  of  the  identity  or  individuality  of 
surra,  nagana,  dourine,  and  mal  de  caderas.  This  is  an  important  subj(^ct  from  a 
scientific  standpoint,  but  as  an  aid  to  the  evolution  of  means  of  prevention  or  cure 
it  is  of  little  consequence.  As  in  the  case  of  the  parasite,  we  have  with  most  other 
Avriters  left  the  subject  open,  but  we  are  strongly  inclined  to  believe  them  tlie  same 
disease,  in  which  case  surra  would  be  the  only  vernacular  name  allowable.  There 
is  certainly  nothing  in  the  clinical  study  of  these  diseases  to  differentiate  them. 
The  only  real  arguments  in  favor  of  their  individuality  are  leased  upon  morphologic 
differences  in  the  parasites,  and,  as  has  already  been  said,  these  appear  to  us  to  be  so 
slight  that  a  positive  classification  can  not  be  founded  on  them. 

The  study  of  prophylaxis  has  included  the  consideration  of  quarantine  laws  in- 
tended to  prevent  the  infection  or  reinfection  of  a  country,  as  the  case  may  be,  and 
of  methods  for  the  control  and  eradication  of  the  disease  in  territories  where  it 
already  has  a  foothold.  In  discussing  this  matter  we  have  limited  ourselves  almost 
entirely  to  the  consideration  of  means  adapted  for  destroying  the  hosts  and  supple- 
mented by  those  suitable  for  coml)ating  the  carrying  agents.  It  has  been  thought 
necessary  to  go  into  this  subject  with  considerable  detail,  and  miscellaneous  condi- 
tions have  been  given  full  consideration. 

Prophylactic  and  curative  serum  therapy  have  thus  far  failed  to  give  successful 
results,  but  if  recent  reports  from  Africa  are  to  be  trusted,  preventive  inoculation  is 
not  Avholly  without  promise  of  success. 

All  methods  tried  for  the  treatment  of  the  disease  have  been  without  results  of 
practical  importance  or  significance. 
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A  REPORT    ON    HEMORRHAGIC    SEPTICEMIA  IN  ANIMALS    IN    THE    PHILIPPINE 
ISLANDS,  BY  PAUL  G.  WOOLLEY,  M.  D.,  AND  J.  W.  JOBLING,  M.  D. 

The  appearance  of  hemorrhagic  septicemia  in  the  Philippine  Islands  was  a  serious 
complication  of  the  local  cattle  problem.  Rinderpest,  which  had  destroyed  thou- 
sands of  carabaos,  and  which  had  brought  agriculture  nearly  to  a  standstill,  was  just 
beginnmg  to  l)e  controlled  by  vigorous  work  witli  protective  sera,  and  cattle  were 
bemg  nnmunized  in  China  for  importation  into  tliese  islands.  This  work  had  been 
progressing  very  satisfactorily,  when  suddenly,  and  without  w^arning,  hemorrhagic 
septicemia  appeared  in  a  herd  of  cattle  arriving  in  Manila  from  Shanghai.  At  about 
the  same  time  that  the  disease  was  recognized  liere,  reports  were  received  from  Hon<'-- 
kong  giving  accounts  of  a  virulent  disease  prevalent  there,  which  very  much  resem- 
bled  bubonic   plague   in  human  beings,  and  which  was  called  '' cattle  plague." « 

<«  Since  the  above  notes  were  written,  the  report  of  the  Government  bacteriologist 
at  Hongkong  has  been  received.  In  this  there  is  a  brief  suuimary  of  the  morpho- 
logic and  cultural  characteristics  of  the  organisms  found  in  the  animals  that  died  in 
the  epidemic  there.  This  germ  grew^  readily  on  the  '  'ordinary  cul  ture  media. ' '  It  w^as 
a  bacillus  that  stained  more  deeply  at  the  poles,  and  which  did  not  stain  by  Gram's 
method,  and  which  was  nonmotile.  Its  appearance  on  culture  media  was  similar  to 
that  of  B.  coll.  All  inoculated  animals  died  after  twenty-four  to  forty-eight  hours, 
with  symptoms  of  septicemia.  From  his  facts  Hunter  concludes  that  he  is  dealing 
with  a  form  of  hemorrhagic  septicemia.  But  whatever  the  disease  may  be,  it  is  not 
presumably  the  same  one  that  we  are  studying,  judging  from  the  description  of  the 
organism. 
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Til  us  far  these  reports  have  been  so  meager  that  we  are  iina]l)le  to  state  whether  or 
not  the  disease  is  endemie  at  that  port,  as  it  seems  to  be  in  other  parts  of  the  world, 
and  whether  or  not  it  corresponds  with  the  disease  studied  here. 

That  hemorrhagic  septicemia  existed  in  the  Philippine  Islands  previous  to  the 
present  epidemic  can  not  be  stated  with  any  degree  of  definiteness.  Since  onr  prelimi- 
nary report  of  the  present  outbreak,  some  native  doctors  have  stated  that  they  had 
previously  seen  animals  dying  in  the  same  manner  as  the  ones  lately  affected,  but 
whether  or  not  these  cases  were  identical  with  ours  can  not  l)e  determined. 

Caral>aos  are  sometimes  affected  with  a  condition  similar  to  heat  stroke,  and  if  one 
of  these  animals  should  die  in  such  an  attack,  the  clinical  features  presented  by  it 
miglit  remarkably  resemble  those  of  the  acute  form  of  hemorrhagic  septicemia. 
One  of  us  had  recently  seen  such  a  case,  in  which  a  carabao,  lately  landed  from  a 
vessel,  had  been  driven  through  the  town  and  was  suffering  for  lack  of  water.  It 
suddenly  staggered  and  fell  by  the  roadside,  frothing  slightly  at  the  mouth,  and  was 
unable  to  rise  for  at  least  an  hour,  and  not  until  it  had  been  drenched  freiiuently 
with  water.  If  the  animal  had  died  in  this  attack,  acute  hemorrhagic  septicemia 
might  have  been  suspected  and  a  correct  diagnosis  could  have  been  made  only  after 
an  autopsy.  But  the  above-mentioned  statements  of  the  previous  occurrence  of 
hemorrhagic  septicemia  must  be  taken  cum  grano  salisj  for  there  is  a  proneness  among 
many  pliysicians  and  the  laity  here  to  recognize  any  symptom  complex  as  the  disease 
under  (liscussion  at  the  time.  This  tendency  is  well  shown  by  the  fact  that  pseudo- 
farcy  is  taken  for  surra  by  men  well  acquainted  with  horses.  It  is,  however,  possi- 
ble that  hemorrhagic  septicemia  has  been  seen  here  before,  and  that  the  disease  has 
thus  far  evaded  detection  by  laboratory  w^orkers,  even  though  these  have  a  wide 
ex|)erience  with  cattle  diseases. 

The  disease  is  a  widespread  one  and  has  been  noted  in  almost  every  cpiarter  of  the 
glol)e.  The  first  cases  were  in  Germany  and  were  cited  by  Bollinger,"  Later  reports 
of  epidemics  in  Germany  have  come  from  Kitt,  Hakoby,  Buch,  and  others;  from 
France,  where  Nocard  and  Leclainche  have  reported  cases,  as  have  also  Galtier  and 
others.  Bosso,  Oreste,  and  Armanni  and  others  have  detailed  descriptions  of  epi- 
demics in  Italy,  Poels  reports  cases  from  Holland;  Jensen  from  Denmark;  Piot  from 
Egypt;  Van  Eecke,  Fischer,  and  Hubenet  from  Java;  Reiscliig,  Sequens,  and  Y.  Batz 
from  Hungary;  Jansonfrom  Jaj>an;  Sanfellice,  Loi,  and  Malatofrom  Sardinia;  Pease 
from  British  India;  Carrougeau  and  Blin  and  Carre  from  Indo-China;  Lignicres  from 
South  America;  and  Smith,  Wilson  and  Brimhall,  Reynolds,  Fennimore,  and  Nocard 
from  the  United  States.  It  is  (3asy  to  see  how  the  spread  may  have  included  the 
Philippine  Islands,  if  the  disease  is  a  contagious  one  and  not  endemic  in  that  Archi- 
pelago. There  is  a  possibility  that  China  is  not  to  blame  for  the  cases  recently  dis- 
covered here;  it  may  be  that  the  disease  is  endemic  in  the  Philippine  Islands,  and 
that  by  food  or  water  the  organisms  gained  access  to  these  animals  through  wounds 
of  the  gastro-intestinal  tract  (or  even  without  such  wounds)  or  through  w^ounds  on 
the  surface  of  the  body,  or  possibly  by  way  of  the  respiratory  tract. 

It  is  now  settled  beyond  doubt  that  organisms  resembling  those  of  hemorrhagic 
septicemia  are  found  in  waters  and  soils.  It  has  also  been  shown  that  similar  ones 
are  present  on  the  mucous  membranes  of  healthy  animals.  Moore,  of  the  Bureau 
of  Animal  Industry,  at  Washington,  for  instance,  has  demonstrated  that  organ- 
isms resembling  those  of  hemorrhagic  septicemia  and  capable  of  producing  the 
disease  occurred  in  90  per  cent  of  the  cattle,  48  per  cent  of  the  hogs,  50  per  cent  of 
the  sheep,  16  per  cent  of  the  horses,  80  per  cent  of  the  dogs,  and  90  per  cent  of  the 
cats  examined  by  him.  Davaine,  Pasteur,  Gaffky,  Gamaleia,  S.  Mayr,  and  Kitt 
have  found  organisms  in  waters,  soils,  sputum,  and  bronchial  secretions,  which, 
injected  into  the  circulation  of  animals,  caused  septicemia  which  agreed  wdth  the 
usual  disease  in  all  its  details. 

Since  this  disease  so  closely  resembles  bubonic  plague  it  might  be  supposed  that  it 
corresponds  wdth  it  also  in  the  sources  and  means  of  infection,  but  these  points  are 
awaiting  explanation.  Since  the  organisms  occur  so  commonly  in  healthy  animals  it 
is  probable  that  a  lowering  of  resistance  to  disease,  whether  brought  about  by  trauma 
or  by  abnormal  conditions  of  environment,  relatively  increases  the  virulence  of  the 
organisms  and  brings  about  conditions  from  which  infection  and  disease  result.  This 
is  certainly  true  in  the  sporadic  pneumonias  of  cattle,  described  by  Theobald  Smith, 
who  believes  that  the  organisms  present  in  such  conditions  are  secondary  invaders. 

The  history  of  the  present  epidemic  of  hemorrhagic  septicemia  in  the  Philippine 
Islands  is  as  follows: 

A  shipment  of  cattle  arrived  in  Manila  Bay  from  Shanghai  on  May  28,  1903,  and 
was  kept  on  board  until  June  1,  when  the  animals  were  sent  to  the  Perez  estate  in 
Paco.  On  the  following  day  two  of  the  animals  were  noticeably  ill  and  w^ere  sent  to 
the  serum  laboratory  for  observation. 
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Ca.s^'i. —The  first  animal  to  die  was  very  weak  when  first  observed,  but  in  fair 
physical  condition  otherwise.  The  conjunctiva3  were  somewhat  congested,  respira- 
tion was  ra[)id  and  the  f ec;es  normal.  Temperature,  80. 2°  C.  When  taken  off  the  truck 
at  the  lal)oratory  it  staggered  a  few  steps  and  fell  on  its  side.  There  were  numerous 
bruises  on  tlie  body,  probably  the  result  of  a  rough  voyage  across  the  China  Sea.  It 
ate  food  wlien  placed  near  it,  and  also  drank,  although  it  did  not,  api)arently,  suffer 
from  thirst.  It  had  no  cough.  During  the  next  few  days  it  became  a  little  brighter 
and  soniewliat  stronger.  On  June  6  it  was  again  weak  and  could  not  stand  np,  the 
liind  legs  seeming  to  l)e  especially  feeble.  It  gradually  became  weaker  and  diarrhea" 
developed,  but  with  no  traces  of  blood  or  mucus.  Death  occurred  on  the  ninth  dav 
after  landing. 

The  post-mortem  examination  showed  a  few  patches  of  subcutaneous  (jedema  on  the 
sides.  There  were  a  few  small  pericardial  hemorrhages  about  the  base  of  the  heart. 
The  lungs  showed  a  number  of  subpleural  nodules,  which  on  section  exi)osed 
granular  areas,  similar  to  those  seen  in  broncho-pneumonia,  in  the  stages  of  red  and 
gray  hepatization  and  suppuration.  The  suppurating  areas  were  filled  with  a  thick, 
granular,  greenish  yellow,  sticky  material. 

Cultures  w^ere  made  from  the  lung  abscesses  in  agar  and  blood  serum.  After 
twenty-four  hours  at  87°  C,  the  agar  tubes  showed  a  growth  of  small,  transparent, 
greyish,  round  colonies.  The  blood  serum  showed  a  very  scanty  growth  of  suiall 
colonies.  Transfers  were  made  from  these  tubes  to  various  other  media,  and  plates 
were  also  made.  After  a  careful  study  of  its  morphologic  and  cultural  characteristics, 
it  appeared  that  the  oi'ganism  under  consideration  was  a  sliort  bacillus  with  rounded 
ends,  and  nonmotile.  Its  measurements  varied  between  1  and  2  microns  in  length 
and  0.8  and  0.5  microns  in  thickness.  The  largest  forms  were  seen  in  glucose  media, 
the  smallest  on  potato.  From  the  animal  body  it  shoAved  w^ell-marked  polar  stain- 
ing, altliougli  this  was  not  so  distinct  in  organisms  grown  on  artificial  mtnlia.  It  was 
stained  easily  with  the  usual  watery  aniline  stains,  but  was  not  stained  by  Cram's  or 
Weigert's  methods.  The  rods,  as  a  rule,  occurred  singly,  often  in  pairs,  occasionally 
in  chains  of  live  or  six  individuals.  The  appearance  of  the  growths  on  tiie  usual 
culture  media  was  in  no  way  characteristic.  The  colonies  on  agar  Avere  small,  grey- 
ish, transparent,  and  well  circumscribed  with  little  or  no  tendency  to  spread.  On  all 
the  solid  media  approximately  the  same  appearance  was  noticed.  In  gelatin  no 
liquefaction  was  caused.  In  bouillon  a  gramilar  deposit  was  formed  on  the  sides 
and  bottom  of  the  tube.  During  the  first  few  hours  of  growth,  the  whole  medium 
was  faintly  clouded,  but  as  the  sediment  w^as  deposited  the  liquid  became  clear. 
After  a  few  days  the  sediment  became  viscid,  as  could  be  shown  by  shaking  the  tube, 
when  the  precipitate  rose,  not  in  floccules  but  in  threads.  In  Dunham's  peptone 
solution  the  same  general  characteristics  were  observed  as  in  broth,  but  the  growth 
was  not  so  abundant.  Indol  (cholera  red)  w^as  produced  rapidly,  so  that  at  the  end 
of  twenty-four  to  thirty-six  hours  the  addition  of  pure  sulphuric  acid  (free  from 
nitrites)  produced  a  well-marked  pink  color.  No  phenol  could  be  appreciated.  No 
gas  was  produced  in  solid  media  containing  sugars,  nor  \vas  the  reaction  changed. 
Milk  remained  unaffecteci  even  after  ten  days;  no  acid  was  produced,  no  coagulation 
was  caused,  and  there  w^as  no  reduction  of  litmus.  Stab  cultures  in  solid  media  showed 
nothing  remarkable.  The  growth  followed  the  line  of  inoculation  closely  with  no 
tendency  to  spread,  and  extended  to  the  bottom  of  the  tube  as  a  finely  granular 
growth  composed  of  small  colonies.  The  surface  growth  was  small,  just  surrounding 
the  point  of  entrance  of  the  needle. 

Case  //.—The  second  carabao  was  also  taken  to  the  serum  laboratory  on  a  truck, 
and  on  arriving  there  was  unable  to  walk  more  than  30  feet.  Its  eyes  were  clear,  the 
respiration  quickened,  and  the  body  covered  with  numerous  bruises.  On  the  4tli  of 
June  it  was  able  to  walk  and  graze,  and  seemed  to  be  in  good  condition.  On  June  14 
it  was  again  dull  and  weak,  but  still  able  to  walk;  the  greatest  weakness  being  in  the 
hind  quarters.  Nevertheless,  in  spite  of  a  good  appetite,  and  in  the  absence  of  other 
symptoms,  the  animal  gradually  became  greatlv  emaciated.  On  June  21  a  swelling 
was  noticed  on  the  inner  and  outer  sides  of  the  left  ankle.  At  this  time  the  animal 
was  hardly  able  to  stand,  although  the  appetite  was  still  fair.  The  SAvelling  on  the 
ankle  was  incised  by  Doctor  Slee  and  the  contents  evacuated.  The  abscess  cavity 
was  a  loculated  one  and  the  incised  tissue  was  quite  oedematous.  On  June  25  diarrhea 
developed  and  two  days  later,  when  just  about  to  die,  the  animal  was  killed  and  an 
autopsy  done  immediately. 

The  findings  were  as  follows:  Besides  the  incision  over  the  left  ankle,  there  were 
dried  scars  on  both  sides  of  the  body  and  a  small  opening,  discharging  a  greenish 
yellow  i^us,  in  the  left  flank  near  the  quarter.  Dissection  of  the  left  ankle  showed 
that  the  abscess  cavity  extended  around  the  joint  without  involving  it,  but  reaching 
far  up  the  leg.  An  opening  into  the  abscess  on  the  flank  led  into  a  mass  of  suppurat- 
ing glands,  which  looked  much  like  the  broken-down  ones  of  bubonic  plague,  save 
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that  the  eoiit€?nts  were  more  granular.  The  tissues  about  these  suppurating  areas 
were  infiUrated  with  a  gelatinous  exudate  of  distinct  yellow  color.  In  the  intermus- 
cular and  surrounding  tissues  there  were  more  or  less  well-marked  lietnorrliages. 
On  skinning  the  animal,  a  widespread  subcutaneous  gelatinous  (cdema  was  discovered 
witli  large  and  small  hemorrhages.  In  the  stomach  walls  and  l)eneath  the  pericar- 
dium and  the  pleura,  hemorrhages  were  present,  some  of  wliich  were  well  circum- 
scribed and  others  irregular  in  outline.  There  was  a  very  large  extravasation  of 
blood  into  the  mediastinal  portion  of  the  parietal  pleura,  and  another  similar  one 
along  the  descending  aorta. 

The  lymph  glands  were  generally  enlarged,  pale,  and  cedematous,  but  some  were 
smaller  and  hemorrhagic.  There  were  petechias  in  some  of  the  oMlematous  glands. 
The  lungs  were,  for  the  most  part,  crepitant,  although  there  were  areas  in  tlie  left 
one  which  resembled  the  stage  of  red  hepatization  of  broncho-pneumonia.  The 
spleen  was  of  about  normal  size,  with  no  hemorrhages  into  its  substance,  ])ut  with 
many  subcapsular  ones.  The  liver  showed  nothing  remarkable.  The  kidneys  were 
of  fair  size  and  the  perienal  tissues  were  cedematous,  and  their  pelves  were  tilled 
with  a  gelatinous  material.     There  were  no  hemorrhages  into  mesentery. 

In  the  abscesses  from  the  left  ankle  and  from  the  hind  quarters  small  polar-staining 
bacilli  were  found  in  almost  pure  culture.  Smears  from  the  lymph  glands  showed 
similar  organisms,  but  the  heart's  blood  w^as  apparently  free  from  them.  Cultures 
showed  an  organism  that  corresponded  with  that  from  Case  I. 

Cme  III.  -—This  animal,  a  full-grown  carabao,  was  apparently  perfectly  well  until 
one  morning,  when  it  looked  stupid;  its  gait  w^as  clumsier  than  Uvsual  and  its  eyes 
appeared  to  be  sunken.  It  did  not  care  to  use  the  mud  bath,  but  wandered  about 
aimlessly  (the  native  overseer  said  that  it  was  insane) .  On  the  third  day  weakness 
across  tlie  loins  and  in  the  forelegs  was  evident.  Its  appetite  was  still  fair.  On  the 
morning  of  the  fourtli  day  it  fell  over  and  was  unable  to  rise  again,  and  died  in  the 
afternoon.  Smears  showed  a  few  organisms  that  were  polar-staining.  Culture  on  pla- 
centa fluid  showed  organisms  that  resembled  diplicocci.     Culture  lost  in  moving. 

Case  IV. — This  animal  w^as  stupid  and  weak  w  hen  first  noticed,  and  as  nearly  as 
could  be  determined  had  been  sick  for  about  three  hours.  It  kept  on  its  feet  knd 
moved  from  place  to  place  for  several  hours,  eating  occasionally.  Death  took  jilace 
suddenly.  Smears  from  organs  show^ed  a  few^  polar-staining  organisms.  Cultures  not 
made. 

Case  F. — This  carabao  lived  about  three  days  after  the  appearance  of  the  first 
symptoms,  the  principal  one  of  which  was  weakness,  especially  in  the  fore  legs.  At 
autopsy  the  base  of  the  heart  was  oedematous,  and  there  were  scattered  areas  of  sub- 
cutaneous oedema  witli  a  few  hemorrhages. 

Case  VI. — Death  was  very  sudden,  occurring  twenty-four  hours  after  the  beginning 
of  the  illness.  Autopsy  revealed  oedema  and  blood-stained  infiltrations  about  the 
inguinal  and  prescapular  glands.  The  latter  were  much  swollen  and  showed  areas  of 
necrosis  and  a  few  small  hemorrhages  in  their  substance.  Hemorrhages  varying 
in  size  were  present  in  the  inner  and  outer  surfaces  of  the  intestines,  under  the  vis- 
ceral and  parietal  pleura,  under  the  parietal  and  visceral  pericardium,  and  under  the 
endocardium.  Petechiae  were  present  on  the  surface  of  the  liver  and  w^ere  especially 
well  marked  on  the  inner  surfaces  of  the  branches  of  the  portal  vein.  A  few  small 
hemorrhages  were  found  under  the  capsule  of  the  spleen  and  under  the  surface  of 
the  diaphragm.  Smears  from  lymph  glands,  liver,  spleen,  and  lungs  showed  polar- 
staining  bacilli. 

Case  VII. — The  duration  of  the  illness  was  two  and  one-half  days,  during  which 
the  animal  could  scarcely  stand,  although  the  appetite  remained  good.  The  almost 
characteristic  cederaas  were  well  marked  in  this  case,  and  polar-staining  baccilli  were 
found  in  smears. 

Case  VIII. — This  animal,  one  of  the  finest  in  the  herd,  was  alive  and  well  on  the 
morning  of  June  7.  The  following  morning  it  was  found  dead.  The  post-mortem 
examination  showed  hemorrhagic  oedema  under  the  skin  along  the  spine,  about  the 
prescapular  glands,  and  around  the  base  of  the  heart.  There  were  ecchymoses  on 
the  surface  of  the  heart,  under  the  capsule  of  the  spleen,  in  the  inguinal  and  pre- 
scapular glands,  in  the  pancreas,  in  the  gall  bladder,  and  under  the  serous  and  mucous 
surfaces  of  the  intestines. 

Smears  from  heart  and  spleen  showed  polar-staining  bacilli,  some  of  which  showed 
evidences  of  having  been  a  capsule  or  pseudo-capsule.  Blood  serum  from  the  case 
had  no  agglutinative  reaction  on  the  bacilli  previously  obtained  from  other  cases. 

Cases  IX  and  X  were  calves.  Their  clinical  histories  and  the  details  of  the  autopsies 
are  wanting.  All  that  is  known  is  that  in  neither  case  was  the  spleen  enlarged;  that 
there  were  subcutaneous  gelatinous  oedema,  and  the  usual  oedema  about  the  base  of 
the  heart  in  each. 
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Pom  XL — ThiB  animal  died  witlnn  twenty-four  liours  after  the  appearance  of  the 
lirnt  symptoms.  It  was  lar«^e  and  well  nourisiied,  ami  when  examined  was  lying  on 
the  ground,  the  legs  stiff  and  tin)  liead  drawn  })ack.  The  agonal  stool  was  bloody. 
There  were  lieniorrliages  along  the  spine  into  the  suheutaneous  tissues,  as  well  as  on 
tht^  surfaces  (inner  and  uuter)  of  the  small  intestines.  Tlie  preseapular  glands 
ehowed  areas  of  Jietnorrhagt?  and  jieerosis, 

(yi.se  X III. — Tins  was  a  fairly  well-nourislied  ('aral)ao,  wliieli  liad  arrived  from 
Hhanghai  three  days  })revious  to  tlie  a}>i)earanee  of  illness.  It  was  well  on  the  even- 
ing of  July  22.  ()n  tlie  following  morning  it  was  found  dead.  In  this  case  the 
lesi<jns  were  confined  to  the  heart  and  lu.ngs.  I'he  sulxnitaiieous  gelatinous  (edema 
seen  in  the  other  cases  was  absent.  The  lungs  were  not  (X.>1  lapsed  and  contained  air 
in  only  a  few  patches.  Tlie  costal  pleura,  whi(;h  was  intensely  intianied  and  showed 
numerous  ecchymoses,  was  covered  with  a  thick  stratum  of  tibrino-purulent  exudate. 
The  visceral  pleura  was  in  a  similar  condition.  The  incMliastinum  was  tilled  with  a 
mass  of  yellow  g(ilatinous  material  composed  of  serum  and  til)rin.  On  section  the 
lung  tissue  was  red,  in  ] daces  very  dark,  and  divided  into  large  and  small  lobules  by 
white  iibrins  and  iibrinous  ban<ls  intersecting  in  all  directions.  These  bands  varied 
from  one-eighth  to  oiu^-half  an  inch  in  width,  and  were  studded  with  loculi  contain- 
ing a  sero-tibrinous  and  libj'ino-purulent  material,  in  the  ])ericardial  cavity  was  a 
large  amount  of  serous  fluid  containing  lloitcules.  l>oth  layers  of  the  pericardium 
were  covered  with  iiltrinous  shreds.  Tiie  serous  njend)rane  under  this  exudate  was 
inflamed  and  dotted  Avith  ecc^hymost^s.  Th(^  auricular  appendages  were  thickly 
mottled  with  Iiemorrhages. 

Hnu^ars  from  the  heart's  })lood,  lungs,  liver,  and  lymph  glands  showed  a  consid- 
erable nund)er  of  polar-staining  l)acil]i,  and  cultures  showed  a  similar  organism  in 
uncontaniinated  growtlis. 

This  case  followed  closely  tin;  description  of  sporadic  pneumonia  as  given  by 
Theobald  Smith. 

l>esides  the  cases  of  hemorrhagic  se})ti(VTmia  seen  in  caral)aos,  a  Jiative  horse  was 
found  to  b(^  suffering  from  a  malady  which  w'as  caused  by  the  same  organism.  In 
this  case  the  chief  lesions  were  found  in  tlie  lungs,  and  these  corresponded  perfectly 
with  those  of  Case  1.  There  was  also  a  well-marked  gelatinous  ccdema  about  the 
base  of  the  heart.  The  organism  was  recogni/AMl  in  smears  and  cultures,  and 
identhied  witli  tliat  from  Case  J. 

In  summarizing  tlie  chic^f  clinical  features  of  tliese  cases  we  can  say  that  there  have 
been  three  fairly  well  differentiated  types;  one,  intensely  acute,  in  which  the  ani- 
jnals  died  within  a  few  hours  after  tlie  onset  of  symptoms;  one  less  acute,  m  Avhich 
the  animal  suffered  chiefly  from  weakness  in  tlie  limbs,  and  more  especially  in  the 
hindquarters  (during  the  course  (A  this  form  of  the  disease  the  appetite  was  little 
or  not  at  all  affected);  lastly,  one  in  which  the  course  was  prolonged,  accompanied 
T)y  great  weakness  and  emaciation  an<l  occasionally  by  snp})uration.  These  are  not 
distinctly  defined  tyi>es,  for  rarely  does  the  disinise  affect  the  animals  in  the  same 
way,  excerpt  in  tlie  acute  form,  in  wliich  tlie  course  is  so  rapi«l  tliat  there  is  little  time 
to  ol)serve  s^inptoms. 

The  pathological  types  are  as  indetinitely  defined  as  the  clinical  types.  In  a  gen- 
eral w^ay,  however,  there  is  a  xmlmonary  type,  in  which  the  lesions  resemble  those  of 
broncho-i)iieumonia,  sometimes  with  abscess  formation,  and  with  or  without  pleu- 
ritis.  Combined  with  these  elianges  there  may  be  marked  changes  in  the  interlob- 
ular tissues,  with  the  formation  of  tiljrous  liands  an<l  with  emi)hysenia.  Another 
type  is  tlie  rapidly  fatal  se{)ticjemia  form,  in  wliich  there  ai'c  few  macroscopic  changes 
in  the  organs  beyond  inci})ient  parenchymatous  degenerations.  The  third  ty])e  is  a 
glandular  and  suppurative  one  wdiich  terminates  in  a  general  infection.  In  all  these 
forms  there  have  l)een  more  or  less  Avid(\sj>read  hemorrhagic  lesions,  combined  with 
gelatinous  onlemas.  This  last-named  condition  was  especially  frecjuent  about  the 
base  of  the  heart,  and  in  some  cases  it  Avas  the  only  macroscojiic  lesion. 

In  l)ut  few  cases  liave  com])lete  temperature  charts  l)een  kept,  liecausci  UKjst  of  the 
animals  have  come  from  herds  regarded  as  healthy,  and  liave  died  too  suddenly  to 
allow^  records  to  be  prepared.  The  tein]>erature  charts  of  C'ases  I  and  II  will,  how- 
ever, be  appended.  These  cur\  es  sliow^  very  little  except  a  primary  rise  of  tempera- 
ture, after  which  there  is  a  fall,  witli  the  subsequent  curve  running  either  near  the 
base  line  or  very  irregularly. 

The  clinical  cases  given  abovc^  agixn?  in  many  j)oints  with  those  described  in  the 
literature,  but  in  many  details,  too,  they  do  not.  Wide  variation  clinically  and 
pathologically  seems  to  be  one  of  the  most  common  features  of  the  disease  caused  by 
B.  1.     PlurlseptlcuH. 

In  Bollinger's  report  the  cases  are  divided  into  an  exanthematous  and  pectoral 
type.     The  former  is  characterized  by  fever,  swellings  of  the  face  and  neck,  intlam- 
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matioii  of  the  nioiith  and  tongue,  with  ecchymosis  under  the  nuieons  niemhranes, 
and  bloody  diarrliea.  Such  we  have  not  seen,  nor  have  we  observed  any  eaneB 
resend)hng  them.  This  may  be  because  the  hide  of  the  animals  that  Ave  meet  with 
here  is  thick  etiough  to  prevent  the  aMlematous  swelUngs  from  becoming  apparent,  for 
certainly  in  the  majority  of  cases  tliere  liave  been  subcutaneous  (edemas,  some  of 
quite  consideral)le  size.  The  hitter  type  showed,  ])rincipally,  puhnonic  lesions.  We 
have  studied  three  cases  that  followed  this  type,  two  in  carabaos  and  one  in  a  horse. 
In  one  carabao  and  in  the  horse  the  chief  lesion  was  a  lironcho-pneumonia  wdthout 
pleuritis;  in  the  other  carabao  it  was  a  i)leuro-pneumoina. 

Lignieres  divides  the  cases  lie  has  seen  into  three  classes:  First,  a  diarrhetic  one — 
the  acute  form — in  which  death  occurs  in  from  one  to  two  days  afti'r  tiuM)ns(it  of  the 
diarrhea.  In  this,  pectoral  lesions  are  common  (i.  e.,  pneumonia,  ])leurisy,  etc.). 
The  second  class  he  calls  "enteqnc."  The  course  of  this  form  is  more  chronic,  and 
the  animal  may  live  for  thi-ee  to  four  weeks  with  more  or  less  fever  and  fetid  diarrliea, 
culminating  in  anannia  and  death.  The  third  or  cachetic  form  is  marked  by  wasting, 
articular  localizations,  and  profound  aniemia,  followed  by  d(^atli. 

Speaking  generally,  the  commonest  types  in  tlie  literature  are  the  exanthematous 
and  pulmonary.  Oreste  and  Armanni  described  cases  in  which  oMlemas  and  hemor- 
rhages were  the  chief  lesions.  Many  of  Kitt's  animals  showed  pneumonia  and  pleu- 
ritis, Jansen's  showed  phlegmonous  codemas,  fibrinous  pleuritis  and  ])ericarditis,  and 
gastro-enteritis;  Galtier  described  hepatization  of  the  lungs,  suf>endocardial  liemor- 
rliages,  and  peritonitis;  (hiillebeau  and  Hess  found  fibrinous  pleuritis  an<l  i)ericar- 
ditis,  hemorrhagic  infarction  in  the  lungs,  and  small  hemorrhages  in  the  serous  nu^m- 
branes  and  in  the  mucous  lining  of  the  intestine;  Pease  ol)served  cases  in  which  tlie 
chief  lesions  were  ecch3^mosis,  widely  disseminated  in  the  ])odies;  Fennimore 
remarked  inflammation  of  the  mucous  mend)ranes  of  stomach  and  intestines,  |)leuritis, 
pericarditis,  and  cedema  of  the  lungs;  and  Smith  carefully  studied  and  mimitely 
described  peculiar  lung  lesions  in  which  interlobular  changes  were  an  important 
feature. 

From  a  summary  of  the  facts  given  in  the  literature  we  may  conc^ln<le  that  the 
animals  attacked  are  of  all  ages,  the  onset  is  nsually  sudden,  the  course  is  rai)id,  and 
death  occurs  in  85  to  98  per  cent  of  the  cases.  In  the  less  rapid  forms  of  the  disease 
the  symptoms  may  be  refusal  of  food,  cessation  of  rumination  and  lactation.  Tlie 
initial  rise  of  temperature  may  be  followed  by  a  drop  to  normal  or  subnormal. 
The  respirations  may  l)e  rapid  or  lal)ored;  bloody  material  may  be  discharged  from 
the  nostrils,  bowels,  or  l)ladder,  and  noncrepitant  swellings  may  occur  on  face, 
neck,  or  abont  the  back  and  ankles. 

From  all  these  varying  types  of  disease  similar  organisms  have  T)een  isolated.  In 
the  outbreak  which  we  have  studied,  the  characters  of  the  microbe  have  been  as 
follows:  Short  bacilli  with  rounded  ends,  polar  staining,  occasionally  encapsulated 
and  nonmotile;  nonliquefying,  non-Gram  staining,  growing  invisil)ly  on  potato,  not 
producing  gas,  not  coagulating  milk  or  reducing  litmus,  j)rodncing  indol  and  nitrites 
and  not  forming  spores.  It  is  an  organism  wdiich  corresponds  closely  with  the  bacilli 
of  hemorrhagic  septicaemia  of  Hueppe,  and  especially  with  that  inend)er  of  the  group 
called  B,  bovisepticus  (Kruse),  B.  bovmpticum  (Kruse-Migula),  B.  phirisepticvs  (Kitt), 
B,  hipolare  jmiltocidtim  (Kitt),  />.  dcr  bujfelseuche  (Oreste- Armanni),  etc.  The  cliief 
differences  between  the  present  bacillus  and  the  ones  described  in  the  literature  are 
its  indol  production,  wdiich  is  invariable,  and  its  invisible  growth  on  potato,  which 
also  appears  constant. 

Ariiinal  experimerits.fi — The  organism  has  been  injected  into  guinea  pigs,  rabbits, 
monkeys,  small  birds,  a  dog,  a  chicken,  and  a  calf.  In  all  but  the  last  three  animals 
death  has  followed  in  from  nine  to  thirty-six  hours  following  subcutaneous  inocula- 
tion, in  from  nine  to  twenty-four  lionrs  after  intrapleural  injection,  in  five  to  eighteen 
hours  after  intraperitoneal  inoculation,  and  in  five  to  fourteen  hours  after  intra- 
venous injection  of  virulent  material.  Subcutaneous  injection  of  the  filtrate  collected 
after  filtering  bouillon  cultures  through  a  Pasteur-Chamberland  filter  caused  no 
symptoms.  Subcutaneous  injection  with  a  culture  kept  at  60°  C.  for  ten  minutes 
killed  a  raljbit  in  thirty-six  hours.  Intravenous  injection  with  the  same  material 
killed  in  eighteen  hours.  In  both  these  two  last  cases  the  organism  was  recovered 
from  the  heart's  blood. 

The  lesions,  in  animals  killed  with  virulent  cultures,  varied  wdth  the  length  of  the 
disease  and  with  the  animal  used.  In  all  there  was  oedema  and  some  hemorrhagic 
infiltration  or  ecchymosis  at  the  site  of  inoculation.  In  addition  to  this  two  or  three 
cases  were  noticed  in  which  there  Avere  large  collections  of  pus  surrounded  by  tissues 

^In  these  experiments,  Mr.  Clegg,  assistant  bac^teriologist  in  the  biological  labora- 
tory, has  given  us  nmch  valuable  assistance. 
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in  a  state  of  coagulation  and  necrosis  in  the  immediate  neighborhood  of  the;  wound  of 
inoculation      i lie  more  resistant  the  animal  and  the  more  attenuated  the  organism 
(\vithin  certain  limits)  the  greater  was  the  tendency  to  suppuration. 
Ihe  protocols  of  the  animal  cases  are  as  follows: 

Rabbit  321.  Inoculated  subcutaneously  with  0.3  c.  c.  of  an  emnlsion  of  a  24-hoiir 
old  agar  growth.  (Organism  from  Case  1. )  Dead  in  eighteen  hours.  Large  hemor- 
rhage at  site  ot  inoculation,  and  a  few  small  ones  in  axillary  and  inguinal  inlands 
vJ^^^  ^^^^^^y  vessels  of  the  heart  distended  with  blood.  J.iver  soft  and  showed 
dittused  pale  areas  of  fatty  or  necrotic  tissue.  Adrenals  congested.  No  changes  in 
gastro-intestmal  tract.  Small  amount  of  fluid  in  peritoneal  cavity.  Smears  from  the 
liver  spleen,  heart's  blood,  and  site  of  inoculation  showed  the  typical  organisms 
whu;h  were  recovered  in  pure  culture  from  the  blood. 

Rabbit  322.  Inoculated  subcutaneously  with  I  c.  c.  of  a  suspension  of  a  24diour  old 
agar  growtli  of  the  organism  o!>tained  from  Case  Xlll.  Dead  in  live  hours  No 
well-marked  lesions.  Some  cedema  about  the  wound  of  entrance.  Liver  and  kidneys 
congested  No  hemorrhages  or  necroses.  Smears  from  heart's  blood,  HT)leen,  kid- 
ney, and  liver  showed  the  typical  organisms,  and  these  were  obtained  in  pure  culture 
irom  the  blood.  ^ 

Rabbit  335.     Inoculated  intravenously  with  1  c.  c.  of  a  bouillon  culture  of  the 
organisms  from  Case  I,  which  had  been  kept  at  58°  C.  for  ten  minutes.     Dead  twenty- 
tour  hours  later.     Autopsy  showed  focal  necroses  in  the  lower  lobes  of  both  lun/s 
in  liver,  and  spleen.     Smears  from  spleen,  kidney,  and  blood  showed  a  few  small 
polar-stamed  bacilli,  which,  however,  were  recovenxi  in  pure  culture 

Monkey  256  On  June  16,  1  c.  c.  of  a  bouillon  culture  was  injected  umler  the  skin 
of  the  riglit  side.  On  June  18,  I  c.  c.  of  a  culture  in  placenta  fluid  was  iii jected  into 
the  peritoneal  cavity.  ^  Death  occurred  six  hours  after  tlie  se(;ond  inoculation.  About 
ttie  points  ot  inoculation  were  areas  of  oedema.  Surrounding  the  point  of  inocula- 
tion on  the  right  side  was  also  a  large  intermuscular  abscess  fllled  with  a  pale 
greenish-yellow,  gelatinous  pus.  Practically  the  whole  side  of  the  animal  was  the 
seat  ot  a  subcutaneous  gelatinous  (edema.  The  peritoneal  cavitv  contained  a  lar^re 
ainount  of  sanguinous  fluid,  and  the  luster  of  the  ])eritoneum  was  dulled,  and  it  was 
injected  The  other  lesions  were  cloudy  swelling  of  tlie  parenchymatous  organs. 
Smears  from  the  spleen,  liver,  and  peritoneum,  and  from  the  pus  at  site  of  inocula- 
tion showed  polar-stained  organisms.  None  seen  in  blood.  In  several  leucocvtes 
from  the  peritoneal  cavity,  polar-stained  bacilli  were  seen.  The  heart,  peritoneum 
and  hver  showed  pure  cultures  of  this  organism.  ^     iiunuum, 

Monkey  297.  Inoculated  intra-peritoneally  with  1  c.  c.  of  a  broth  culture  of  the 
organism  from  the  horse  mentioned  above.  Death  in  thirty-six  hours.  The  abdom- 
inal wall  about  the  wound  made  by  the  needle  was  (edematous.  The  scrotum  was 
distended  and  ccdematous.  There  were  well-marked  subcutaneous  ecchvmoses  and 
gelatinous  oedema  with  a  certain  amount  of  purulent  inliltration.  Coils  o'f  intestines 
TpT^^nvuT'^Tr  there  was  a  quantity  Of  sanguino-purulent  exudate  in  the  perito- 
Xlpff  fIV,-  ,^he  P"^  extended  down  along  the  spermatic  cords  into  the  scrotum, 
areni  Vr.  l^JTT?^  enlarged  and  contained  some  purulent  and  ecchymotie 
areas,  ihe  right  testicle  was  small  and  surrounded  by  a  purulent  exudate:  The 
intestines  showed  a  few  small  hemorrhages  under  the  serous  laver.  The  otlie? 
organs  showed  no  marked  change.  Smears  from  the  abdominal  cavitv,  liver  spken 
subcutaneous  abscess,  and  testicular  abscesses,  showed  polar-stained  bacilli  These 
were  recovered  in  pure  culture.  ^^^^^^ 

.JJ^^%''^P^^^P^^^^,f  animals  dying  spontaneously  and  those  dying  after  inocula- 
tion will  give  some  idea  of  the  abiht^  of  the  organisms  to  cause  widely  varvii     tv  es 

the  teTm  hemoXS'^^^r^  ^^? '"'^''  ^'^^.^'4^  P^^^^^^  ^'  least  wJimiJt  cSnffi 
must  cowr  r3t&/T*'''''?''^f'  ^^'^?  inclusive,  a  sort  of  generic  name  which 
must  co\er  a  multitude  of  varying  types  of  disease." 

outoeTkTniSafc'l^^^^^  ^^  ^^^  present  epidemic  we  feared  that  the 

Senortel  And  r.t' '^^^^^^^  proportions  as  it  had  in  some  of  the  epizootics 
wP^hXhnU  f  fK  -1  ^'^^I'u^  gone  on  this  fear  has  been  partially  realized,  but 
^f  them  and  the  h/dt^'f^1  '^%  'T'  ^^H^'^^^  ^he  direct  result  of  tr'auna  in  many 
healthy  knfmals  mfection  with  an  organism  present  in  the  mouths  of 

It  does  seem  very  probable  now  that  a  pasture  may  become  infected  and  that  npw 
LTS?rt^L''an^^^  ground  W  die  o/ the  ai:e^t^:^^^^ 

especially  It  the  animal  la  in  any  way  predisposed  to  disease  l<^<ir  tliis  rpq«on  it 
seems  most  unwise,  in  the  present  state  of  our  knowledgeol^  the  disease  to  n  ove 
anlds.     °'"  P'"''  '"  ^'"'"  and  so  risk  infecting  new  gfound '"^rXi  byTeU 

the?^T»t°h=*!!!  ""T'^  "'  *?''"''''  ''J''''  »°™al«  in  one  I'erd  had  died.  FoUowin- 
these  deaths  came  heavy  rains  so  that  the  corral  resulted  in  a  great  mudhole    TutS 
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this  place  a  new  lierd  of  carabaos  was  driven  after  they  luul  crossed  tlie  China  Sea 
from  Shanghai.  Following  the  advent  of  these  animals  deaths  occurred  rapidly,  and 
in  all  but  a  few  of  the  dead  tlie  lesions  of  hemorrhagic  septic<eniia  were  found. 

It  is  our  own  opinion  that  the  disease  was  the  result  of  the  rough  sea  voyage,  change  of 
diet,  the  preliminary  inoculation  against  rinderpest,  and  iinally  the  filthy  surround- 
ings in  Manila.     Under  these  circumstances  disease  migiit  be  exfiected. 

The  question  concerning  the  source  of  the  infection  by  wliich  death  resulted  remains 
to  be  answered.  Were  the  organisms  in  the  animals  themselves?  Were  tliey  in  tlie 
mud  of  the  corral?  Neitlier  of  these  questions  can  be  answered  positively  as  yet.  We 
have  not  l)een  able  to  find  the  bacilli  in  the  nuid.  But  just  so  long  as  there  is  any 
doubt  tlie  animals  must  be  treated  as  though  they  could  scatter  the  germs  of  the  dis- 
ease with  their  excreta. 

Up  to  the  present  time  there  lias  been  no  evidence  that  the  diseabe  is  directly  con- 
tagious, although  Carrougeau  and  Blin,  Bollinger,  Friedl)erger  and  Frohuer,  and 
otliers  considered  the  disease,  which  tliey  studied,  was.  On  the  other  hand,  Nocard 
and  Leclainche  think  that  the  cases  are  sporadic  and  that  the  disease  is  enzootic,  and 
Wilson  and  Brindiall  and  Reynolds  believe  that  it  is  not  contagious. 

For  the  purpose  of  eliminating  all  or  most  clxances  of  contagion,  we  suggest  that 
each  animal  in  a  suspected  herd  should  be  isolated  or  staked  out  separate  from  the 
rest  of  the  herd  for  at  least  ten  days  after  the  oct^urrence  of  the  last  case  in  tlie  herd 
to  wliich  it  belongs,  and  until  any  abrasions  on  the  surface  of  the  body  have  healed. 
(Brimhall  and  Wilson  have  suggested  that  skin  lesions  may  play  a  part  in  the  spread 
of  the  disease.)  While  the  herd  is  under  suspicion  none  of  the  animals  should  be 
allowed  to  use  the  mud  baths.  After  an  animal  has  died  the  ground  upon  which  it 
has  stood  shoidd  be  cleansed  by  fire  or  antisei)tics,  and  if  it  lias  had  access  to  the 
nuid  l)ath  this  should  be  disinfected  in  the  most  tliorough  way  with  lime  or  crude 
carbolic  acid  and  then  flushed  out  with  w^ater.  There  seems  to  l)e  some  difference 
of  opinion  as  to  whether  the  organism  is  able  to  live  any  length  of  time  in  con- 
taminated water,  but  since  similar  ones  liave  been  found  in  rivers  and  in  soils  it  is 
wiser  to  be  on  the  safe  side  and  use  all  precautions.  Theobald  Smith  states  that  the 
organism  is  very  vulnerable,  and  Nocard  and  ljeclain(;he  say  that  it  is  a  facultative 
parasite.  The  result  is  that  for  the  present  it  nuist  be  dealt  witli  as  though  its 
resistance  were  great.  Kitt,  in  Jvolle  and  Wassermann's  Flandbuch,  reconuiiends 
that  it  be  treated  as  though  it  w^ere  the  bacillus  of  anthrax. 

Up  to  the  present  tinie  we  have  been  unsuccessful  in  ol)taining  any  serum  or  ])ro- 
tective  substance  which  will  modify  or  ameliorate  the  course  of  the  disease  in  ext>er- 
imental  animals.  Work  along  tliese  lines  is,  however,  being  done  and  will  be 
made  the  subject  of  a  later  rei)ort.  Wilson  and  Brimhall  report  that  tliey  were  able 
to  produce  a  fairly  high  degree  of  immunity.  In  a  book  on  'M^es  Maladies 
Microbiennes  des  Animaux,"  by  Nocard  and  Leclainche,  it  is  stated  that  tlie  belief 
of  Lignieres  that  the  organism  of  bovine  pasteurosis  can  be  attenuated  and  used  as  a 
vaccine  is  possible,  but  the  details  of  his  method  are  not  given,  and  thus  far  we  have 
been  unable  to  olitain  them. 

Note. — We  have  been  interested  to  hear,  since  the  notes  for  this  report  have  been 
prepared,  that  there  have  been  epidemics  of  an  unknown  nature  among  chickens  and 
swine  in  the  provinces  about  Manila.  The  reports  make  it  seem  i)robable  that  these 
diseases  are  related  to  the  hemorrhagic  septicaemia  of  fowls  and  hogs.^'^  We  have 
received  from  a  gentleman  in  Manila  a  chicken  that  had  died  suddenly.  F'^rom  this 
we  have  isolated  an  organism  that  resembles  the  bacillus  of  chicken  cholera,  which, 
when  inoculated  into  small  birds  in  minimal  quantities  gives  rise  to  a  rapidly  fatal 
septicaemia  that  corresponds  exactly  with  chicken  cholera.  In  inoculating  with  this 
organism  a  needle  whose  tip  was  covered  with  a  culture  of  the  organism  was  plunged 
through  the  skin  and  into  the  subjacent  muscles.  The  disease  prevalent  among  swine 
remains  to  be  determined. 

These  observations  make  it  seem  probable  that  chicken  cholera  is  endemic  here, 
and,  if  there  is  any  value  in  the  analogy,  that  other  forms  of  hemorrhagic  septic^icmia 
may  be. 

«  Hog  cholera  and  swine  plague  are  already  known  to  exist  in  t  liese  islands.  See 
Annual  Report  of  Superintendent  Government  Laboratories  and  Report  of  Commis- 
sioner of  Public  Health,  1902. 
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REPORT  ON  AN  ORGANISM  RESEMBLING  THE  KOCH-WEEKS  BACILLUS  ISOLATED 
FROM  TWO  CASES  OF  A  PECULIAR  FORM  OF  HAND  INFECTION,  BY  WILLIAM  B. 
WHERRY,  M.  D. 

Two  eases  of  acute  fmger  infection,  one  accidentally  inoculated  from  the  other, 
having  certain  unusual  clinical  characteristics,  have  come  under  our  observation. 
The  appearances  and  symptoms  of  these  cases  differed  so  much  in  some  respects 
from  the  ordinary  inflammations  of  the  coverings  of  the  hand  that  the  pathogenic 
organisms  found  present  were  carefully  investigated. 

Following  is  the  report  of  the  bacteriological  examination  made  in  this  laboratory. 
A  complete  report,  including  the  clinical  histories  of  the  cases,  will  sliortly  be  pub- 
lished as  a  bulletin  from  this  Department. 

BACTERIOLOGICAl.    EXAMINATION. 

Coverslip  preparations  of  the  muco-purulent  discharge  from  Doctor  AV.'s  and  Miss 
B.'s  fingers  show  numerous  leucocytes  and  mucous  threads.  Occasionally  a  cell 
is  seen  containing  a  number  of  thin  influenza-like  l)acilli  (see  fig.  144).  Some  of 
these  organisms  lie  without  the  cells,  singly  and  in  grouj^s.  The  rods  often  lie  side 
by  side,  or  may  occur  end  to  end,  in  jiairs  or  short  chains.  Sometimes  they  are  so 
short  as  to  appear  coccoid.  In  the  preparations  from  Miss  B.'s  finger  tlu)  bacilli  were 
nuich  more  numerous  than  in  those  from  Doctor  W.'s  finger,  often  lying  outside  of 
the  leucocytes  in  masses  or  groups  of  a  hundred  or  more  rods,  or  again,  in  short 
cliains  of  eight  or  ten  l)acilli.  They  stain  well  with  carbol  thionin  or  carbol  fuchsin 
diluted  1 :  10.  Often  they  take  the  stain  evenly,  but  may  appear  segmented,  or  stain 
more  intensely  at  the  poles,  especially  when  carbol  thionin  is  used.  They  <lo  not 
retain  the  stain  in  (Oram's  method.  When  colored  with  hot  carbol  fuchsin  they  lose 
the  dye  when  one-fourth  per  cent  acetic  acid  or  ordinary  alcoliol  is  applied.  In  size 
they  vary  from  alwut  |-3  //  in  length  by  less  than  |  /i  in  l)readth  (Zeiss  moc.  microp. ). 

Tliroughout  the  acute  stage  of  the  infection  this  bacillus  was  present  in  considera- 
ble mimbers  aufl  apparently  in  pure  culture.  When  the  acute  symptoms  had  sub- 
sided it  could  l)e  found  oidy  with  difficulty  and  finally  disappeared.  After  gangrene 
appeared  in  Miss  B.'s  finger  nothing  but  tlie  staphylococcus  j)yogenes  albus  could  be 
isolated. 

Numerous  attempts  at  cultivating  the  bacillus  w^ere  made  and  at  first  without  suc- 
cess. Inoculations  of  the  secretion  upon  plain  agar  «  slants,  agar  smeared  with  liuman 
blood,  ascitic  fluid  agar,  and  glucose  agar,  grown  aerobically  and  anaerobically 
(pyrogallic  acid  metliod),  remained  sterile  during  ten  to  fourteen  days'  observation. 

Finally,  i)ie('es  of  tissue  removed  in  an  aseptic  manner  from  Miss  B.'s  finger  w^ere 
forced  into  the  substance  of  a  slant  of  ascitic  fluid  agar  and  incubated  at  body  tem- 
perature. No  growth  ax)peared  during  the  first  three  days'  incubation,  but  on  the 
fourth  day  one  of  tlu)  ])ieces  of  tissue  was  surrounded  by  a  halo  of  cloudiness,  which 
gradually  increased  in  density  and  finally  assumed  a  yellowish  color,  especially  near 
the  surface  of  the  slant.  Transplants  upon  ascitic  fluid  agar  showed  no  growth  in 
twenty-four  hours,  but  in  forty-eight  hours  a  delicate  typhoid-like,  whitish  growth 
could  be  seen  along  the  line  of  inoculation.  This  gradually  assumed  a  lemon-yellow 
color.  Stained  preparations  from  this  growth  showed  small,  slender  rods  resembling 
those  seen  in  the  prciparations  made  directly  from  the  purulent  exudate.  Whensus- 
pended  in  a  hanging  drop  of  bouillon  these  rods  were  very  actively  motile.  They 
lost  the  color  when  Gram's  method  was  applied. 

«The  ''ordinary"  media  used  were  prepared  according  to  the  directions  of  the 
American  committee  (Reports  and  Paj)ers  of  the  American  Public  Health  Association, 
1898,  XXIIl,  X).  60),  with  a  reaction  of  1  per  cent  acid  to  phenolphthalein.  The 
ascitic  fluid  agar  was  kindly  furnished  by  Mr.  Lindquist,  of  the  First  Reserve  Hos- 
pital Laboratory.  It  was  prepared  by  mixing  equal  parts  of  fluid  glucose  agar  and 
acetic  serum  and  then  sterilized  by  the  intermittent  method.  For  better  methods  of 
preparing  human  serum  media,  see  Eyre  Jour,  of  Path.,  1900,  VI,  6,  and  Libman, 
N,  Y.  Med.  Rec,  1903,  LXIIl,  237. 
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Notwithstanding  the  (hfficulty  experlencexl  in  obtaining  the  first  cnlture,  tlie 
]>ji('ilhis  adapted  itscilf  to  a  8a{)ro[)hytie  exiHtence  and  grew  readily  uj)on  the  "ordi- 
nary" media.  In  no  instance  could  growth  be  detected  witli  the  naked  eye  after 
twenty-four  hours'  incubation,  but  it  was  evident  in  forty-eight  Jiours.  (This  peculi- 
arity persisted  in  10  or  12  transplants  during  two  months'  cultivation,  but  after  about 
tliree  months  of  saprophytic  existence  the  growth,  though  faint,  is  visible  in  twenty- 
four  hours. ) 

Cultural  characteristics, — On  a  slant  of  nutrient  agar  the  growth  is  visible  in  forty- 
eight  hours  as  a  distinctly  yellowish  streak  confluent  below,  with  small,  circular, 
isolated  colonies  above,  and  much  more  luxuriant  than  that  upon  ascitic  fluid  agar. 
In  a  stained  preparation  the  bacilli  appear  thicker  than  when  taken  from  ascitic 
fluid  agar  and  show  a  considerable  change  in  their  morphology — most  of  them  being 
spherical  or  eoccoid,  others  ovoid  and  in  pairs.  A  few  appear  as  distinct  rods.  They 
are  nonmotile  when  suspended  in  a  drop  of  bouillon.  When  an  isolated  colony 
from  such  an  agar  slant  or  from  an  agar  plate  is  transplanted  upon  ascitic  fluid  agar, 
the  growth  reverts  in  its  appearance  to  the  more  delicate  type,  while  the  organisms 
all  assume  the  thin  bacillary  form — actively  motile  when  suspended  in  a  drop  of 
bouillion. 

When  plated  in  agar,  pin-point  sized  colonies  are  visible  in  forty-eight  hours,  and 
in  four  or  live  days  reach  a  diameter  of  J  mm.  In  forty-eight  hours,  the  super- 
licial  colonies  ai)pear,  under  a  low-power  lens,  as  uniformly  granular  disks  with 
translucent  edges.  In  four  days  coarser  granulations  may  be  seen  about  the  central 
})ortion  of  the  disks,  and  the  colonies  assume  a  chrome-yellow  color.  These  colonies, 
situated  between  the  agar  and  the  l^etri  dish,  spread  out  like  the  superficial  colonies 
and  have  the  same  ai)pearaiice  microscopically,  but  are  unpigmented. 

In  bouillon  a  faint,  uniform  cloudiness  appears  in  forty-eight  hours.  In  the  hang- 
ing drop  short  nonmotile  rods  may  be  seen.  In  a  week  the  fluid  is  densely  clouded, 
a  })recipitate  collects  at  the  bottom  of  the  tube,  while  a  yellowish  wdiite  pellicle  is 
formed  on  the  surface.  This  pellicle,  if  unbroken,  becomes  thick  and  wrinkled  in 
the  course  of  ten  or  twelve  days.     No  indol  is  produced. 

In  Dunham's  peptone  solution  a  faint  turbidity  appears  in  four  days.  No  pellicle 
is  formed  and  the  growth  is  gradually  precipitated.     No  indol  is  produced. 

In  nutrient  gelatin  (20  per  cent,  liquified  by  the  warm  weather)  growth  appears  as 
small  isolated  colonies  floating  on  the  surface  and  scattered  throughout  the  medium. 
No  peptonization  occurs  during  live  days'  growth,  at  about  28°  to  80^  C,  for  the  gelatin 
solidifles  readily  when  placed  upon  ice. 

In  litmus  milk  no  visible  change  is  produced  during  the  first  four  days.  In  a  week 
there  is  slight  reduction  of  the  litmus  at  the  bottom  of  the  tube.  In  twelve  days 
the  litmus  is  completely  reduced  excepting  at  the  surface,  where  it  is  still  blue  for  a 
deptli  of  2  or  3  jnm.     No  coagulation  occurs. 

In  stab  (niltures,  in  glucose  agar,  and  litmus  lactose  agar  no  xiarticular  dianges  are 
produced.  A  granular  growth  appears  along  the  upper  portions  of  tlie  stab,  while 
on  the  surface  a  smooth,  circular,  elevated  growth  appears.  This  gradually  changes 
in  color  from  a  lemon  to  a  chrome  yellow. 

In  glucose  bouillon,  in  the  fermentation  tube,  no  gas  is  produced,  and  the  closed 
arm  remains  clear  during  twelve  days'  observation. 

On  a  slant  of  potato  the  first  growth  appears  in  four  days  as  minute  lemon-yel- 
low colonies.  In  eight  days  the  colonies  are  confluent,  of  a  chrome-yellow  color, 
and  ]>resent  a  wrinkled  surface.  In  ten  days  the  surface  is  elevated  into  snake-like 
folds.  When  stained  from  an  eight-day  potato  culture  the  bacilli  aj>pear  as  irregu- 
larly clubbed  rods.     Nothing  resem])ling  spores  can  be  stained. 

Inoculation  experiments. — (1)  Monkey  No.  260  received  a  subcutaneous  injection 
in  the  chest  of  1 J  c.  c.  of  a  physiological  salt  solution  emulsion  of  the  jnirulent  secre- 
ti(m  from  Miss  B.'s  finger.  No  result  followed.  A  few  days  later  a  small  piece  of 
tissue  curetted  from  Miss  13. 's  finger  was  placed  under  the  skin  of  the  chest  and  the 
wound  covered  with  flexible  collodion.  Four  days  later  a  small  amount  of  purulent 
secretion  appeared  through  cracks  in  tlie  collodion  dressing.  This  contained  pus 
cells  and  a  few  small  baeilli,  which  could  not  be  grown  upon  plain  agar.  In  a  few 
days  the  wound  had  healed  completely. 

(2)  Monkey  No.  261  received  a  subcutaneous  injection  in  the  chest  of  IJ  c.  c.  of  a 
well-clouded  emulsion  of  the  purulent  secretion  from  Doctor  W.'s  finger.  Micro- 
scopical examination  of  the  pus  show^ed  that  numerous  bacilli  were  present.  In 
forty-eight  hours  a  pea-sized  nodule  appeared  at  the  site  of  injection.  Two  days 
later  this  had  completely  disappeared,  and  the  monkey  remained  well  during  a 
month's  observation.  Then  it  received  in  the  tip  of  the  right  forefinger  an  injection 
of  i  c.  c.  of  a  twenty-four  hour  bouillon  culture  of  the  bacillus  isolated  from  Miss  B.'s 
finger.  Microscopically  the  culture  showed  numerous  eoccoid  bodies  and  short  rods. 
No  particular  change  was  noticed  during  the  first  two  weeks'  observation,  but  in  the 
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course  of  a  moiitli  tlio  monkey's  liand  showed  an  inliannnatory  process,  affecting 
the  lirst  three  fhigers.  Tlie  tip  of  tlie  forefinger  was  gangrenous,  and  the  middle 
and  ring  fmgers  showed  swollen,  globular,  whitish  tips.  Coverslip  preparations 
showed  cocci  and  bacilli.  Many  of  the  latter  were  yery  minute  rods,  losing  the 
stain  wdien  Gram's  method  was  applied.  They  could  not  be  isolated  upon  ordinary 
agar  plates,  and  plati^s  made  witii  human  serum,  according  to  the  metliod  of  Fakes, ^« 
were  rapidly  oyergrown  by  other  organisms.  Tlie  stai)hylococcus  aureus  and  albus 
and  some  vmidentilied,  large,  rapidly-growing  bacilli  w^ere  prest^nt  in  considerable 
numbers.  The  animal  was  chloroformed,  and  at  the  autopsy  nothing  in  particular 
was  noticed,  excepting  swelling  and  congestion  of  the  right  axillary  glands.  Sec- 
tions from  the  spleen,  liver,  and  kidney  appeared  normal.  Those  from  the  right 
forefinger  showed  that  the  infiannnatory  process  was  a])i)arently  limited  to  the  outer 
layers  of  the  skin,  the  malpliigian  layer  being  almost  wholly  replaced  l)y  a  mass  of 
nuclear  fragments  and  many  cocci  and  bacilli.  The  interpapillary  pegs  of  the  epi- 
dermis showed  marked  canthosis — long,  slender  processes  of  ej>ithelium  running 
deed  into  the  subcutaneous  tissue.     The  subcutis  showed  almost  no  infiltration. 

(3)  A  young  rabbit,  No.  2(>9,  received  in  the  sul)cut.aneous  tissue  of  the  left  ear  an 
injection  of  about  J  c.  c,  of  a  densely  clouded  seven-day  old  bouillon  culture  of  tlie 
bacillus  isolated  from  IMiss  B.'s  linger.  This  was  followed  by  hyi)encnna  at  the  site 
of  the  injection,  but  no  inflanniiatory  process  resulted. 

(4)  A  young  rabbit.  No.  272,  receiyed  an  intravenous  injection  of  h  c.  c.  of  an 
emulsion  of  the  same  bacillus  taken  from  a  seven-day  old  culture  on  ascitic  fluid 
agar.     It  remained  wt^U  <luring  two  w  (cks  observation,  when  it  escaped. 

(5)  Guin.ea  pig  No.  270  received  an  intrai)eritoneal  injection  of  1  c.  c.  of  a  seven- 
day  old  boullion  culture  of  the  same  bacillus.  It  remained  well  during  a  month's 
observation. 

Bemlt.^  of  the  agglutbiathyn,  teM. — Blood  for  these  tests  was  ol>tained  from  Doctor 
W.'s  ear  and  from  Miss  ll's  infected  finger  at  the  time  when  the  infectious  process 
was  in  a  retrogressive  stage.  Botli  specimens  failed  to  agglutinate  tlie  bacillus  in  two 
hours  at  a  dilution  of  1:10. 

There  were  several  cases  of  acute  contagious  conjunctivitis  in  the  hospital  at  the 
time  when  Doctor  W.'s  finger  was  infected.  Th<^  bacilli  inth(H'oyerslip  prejuirations 
from  the  cases  correspond  in  their  Tnorj)hology,  size,  and  staining  reactions  with  those 
in  the  preparations  from  Doctor  W.'s  and  Miss  B.'s  fingers.  They  also  correspond 
in  their  morphology,  distribution,  and  staining  reactions  with  the  descriptions  of  the 
Koch-Weeks  bacillus.  They  coidd  not  be  cultivated  upon  the  ordinary  media  nor 
upon  agar  smeared  with  hninan  blood.  .\s  we  believe  the  organism  described  above 
to  be  the  Kocii-AYeeks  l)acillus  itself,  or  a  closely  related  'Hype"  of  this  organism,  it 
seems  desirable  to  ai)pend  a  descrij)tion  of  this  bacillus  and  of  other  organisms 
described  as  resend)ling  it. 

Acute  contagious  conjunctivitis  (otherwise  know^n  as  acute  or  epidemic  catarrhal 
conjuntivitis,  muco-purulent  conjunctivitis,  or  vulgarly  as  "pink-eye")  is  a  highly 
contagious,  muco-pundent  inflammation  of  tlie  conjunctiva,  accon'ipanied  by  some 
swelling  of  the  lids  (Weeks).  The  disease  is  self-limited,  passing  through  an  acute 
stage  and  then  gradually  subsiding.  Kecovery  usually  occurs  in  from  two  to  three 
weeks.  The  disease  is  said  to  be  especially  prevalent  in  Egypt,  but  it  occurs  through- 
out the  globe. 

The  specific  cause  of  the  disease,  a  small  bacillus,  was  first  seen  in  a  case  of  con- 
junctival catarrh  by  Koch  (1)  in  Egypt  (1883)  and  cultivated,  and  proved  to  be  the 
specific  micro-organism  by  Weeks  (2)  in  America  (1886).  Therefore  the  virus  is 
usually  known  as  the  Koch-Weeks  bacillus.  Their  w^ork  has  since  been  confirmed 
by  Kartulis  (3)  in  Egypt,  Morax  in  France,  and  Wildbrand,  Sanger,  and  Stalin  (4) 
in  Germany. 

The  Koch-Weeks  bacillus  is  described ?>  as  a  minute,  nonmotile  rod  (0.25  by  1//), 
resembling  the  influenza  bacillus  or  that  of  mouse  septicaemia.  In  acute  cases  the 
bacilli  occur  in  large  numl>ers  in  the  muco-purulent  secretion,  often  being  taken  up 
in  considerable  nund)ers  by  the  i)hagocytes.  In  subacute  cases  they  may  be  scarce, 
and  in  the  later  stages  of  the  disease  they  disappear  entirely.  They  often  lie  in 
pairs,  end  to  end,  or  sometimes  in  short  chains  within  and  outside  of  the  pus  cells  of 
the  secretion.  They  stain  well  wdth  the  ordinary  dyes,  but  do  not  retain  the  stain 
w^hen  Gram's  method  is  applied. 

When  transferred  from  the  human  l)ody  to  artificial  media,  this  organism  is  even 
more  restricted  in  its  conditions  of  growth  than  the  influenza  bacillus,  as  it  rarely 


«See  Eyre,  loc.  cit. 

^The  only  literature  within  our  reach  is  that  in  Eliagge-Mikroorganismen  (5)  and 
an  article  by  Kartulis  (3). 
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grows  upon  agar  smeared  with  human  hlood,  the  l)est  medium  being  human  serum 
agar.  According  to  Kartnlis  (3),  "When  incubated  at  a  temperature  between  28^  to 
30''  C,  the  growtli  is  first  visible  to  the  naked  eye  in  a  period  of  thirty  to  forty  hours. 
At  first  it  appears  along  tlie  Hue  of  inoculation  as  small  grayish-white  points.  Grad- 
ually the  points  unite  into  a  small  streak  which  is  raised  consideral)ly  above  the 
surface  of  the  medium.  At  this  time  the  culture  becomes  flossy,  and  darker  in  color. 
The  l)orders  are  uneven  and  well  formed,  and  very  much  mdented.  For  a  long  time 
the  growth  retains  the  described  form,  but  it  dries  gradually,  and  then  reserables  the 
backbone  of  a  fish.  Growth  upon  agar-agar  and  gelatin  is  feeble.  Gelatin  is  not 
liquefied.  Microscopically,  in  a  very  young  culture  the  bacillus  appears  somcAvhat 
plnmper  than  those  in  the  cells;  in  a  very  old  culture  they  are  somewhat  longer  and 
thicker.     Bpore  formation  has  not  been  observed," 

I^dhogeyiiciiy. — "Transmission  to  the  conjunctiva  of  animals  is  unsuccessful.  Kar- 
tulis  has  obtained  positive  results  in  human  beings  in  only  one  case  out  of  six,  and 
that  with  cultures  10  to  20  generations  old.  Weeks,  on  the  other  hand,  reports  sev- 
eral successful  inoculations  into  human  beings.  His  cultures,  however,  w^ere  not 
pure,  but  contained,  besides  the  conjunctivitis  bacillus.  Xerosis  bacilli  (diphtheria 
group)"  (5). 

Other  organisms  described  as  resembling  the  Koch-Weeks  bacillus. — "Another  organism 
exceedingly  like  the  previous,  apparently  differing  from  it  only  in  the  rather  w^der 
conditions  of  growth,  is  Miiller's  bacillus"  (6). 

^'  Uacidnspsei(docow)imcthHidiR  (5). — Discovered  by  Kartulis  in  the  conjunctival 
secretions  in  a  case  at  Alexandria,  and  turned  over  to  the  author.  These  bacilli  are 
nonuiotile  and  just  as  small  as  the  preceding  ones,  and  likewise  neither  stain,  accord- 
ing to  Gram,  nor  form  spores.  Their  cultures  are  rather  prolific,  with  a  canary- 
yellow  pigmentation.  Tlie  gelatin  cultures  liquefied  first,  although  quite  slowly,  l)ut 
later  the  liquefaction  disappeared  and  the  needle-point  cultures  assumed  the  form  of 
a  nail,  with  fiat  canary-yellow^  heads.  On  potatoes  a  well  spread  out,  light-browaiish 
deposit  was  formed. 

'^Bacillus  acris  minidissimus  (5)  was  obtained  by  Drs.  Jbrahim  Bey  and  Faud  Bey 
ill  the  air  at  the  Institute  of  Hygiene,  in  Bonn.  It  is  similar  to  the  preceding  ones, 
but  forms  a  light-yellowish  pigment.     It  is  not  pathogenic  for  animals. 

^' ]>((vUluH  anreus  mimdissimus  (5). — Also  isolated  by  Jbrahim  and  Faud  on  plates 
exposed  to  the  air.  Morphologically  similar  to  the  preceding  ones,  but  motile;  does 
not  stain,  according  to  Gram;  does  not  form  spores;  liquefies  gelatin.  On  potatoes 
it  forms  a  luxuriant  golden  pollulation.  It  produced  septicaemia  in  mice  and  abscesses 
in  ral)bits." 

We  are  int^lined  to  consider  the  organism  isolated  from  Miss  B.'s  finger  as  identical 
with  or  as  a  closely  related  type  of  the  Koch-Weeks  bacillus.  In  addition  to  its  simi- 
lar morphology,  tlie  difficulty  with  which  it  was  cultivated  and  the  characteristic 
delay  in  the  a]>pearance  of  the  growth  speak  for  such  an  identity.  We  may  have 
slightly  overestimated  its  size,  for  ocular  micrometry  is  a  rather  inaccurate  method. 
As  to  the  limits  of  accurac^y  in  micrometry,  a  competent  authority  says:  "  I  assume 
tliat  0.2//  is  the  limit  of  precision  in  microscopic  measures,  beyond  which  it  is  impos- 
sible to  go  with  certainty. "«  Further,  if  the  statement  by  Abbe  be  true  (quoted 
from  Ijehmann  &  Neumann)  that  the  limit  of  microscopic  vision  lies  between  O.I 
and  0.2//,  then  obviously  the  diameter  given  by  others  for  this  bacillus — i.  e.,  0.25/^ — 
is  too  small. 

We  have  further  found  the  bacillus  to  be  actively  motile  when  taken  from  a 
recent  culture  on  ascitic  fluid  agar  and  suspended  in  bouillon.  However,  it  is  non- 
motile  when  grown  upon  the  ordinary  media. 

The  al)ility  to  produce  pigment,  and  a  greater  adaptibility  to  a  saprophytic  mode 
of  existence,  suggests  a  closer  resemblance  to  the  organism  described  as  b.  pseudo- 
conjunctivitidis,  but  these  faculties  are  variable  ones  in  many  species  of  micro-organ- 
isms. For  instance,  the  variability  in  power  of  pigment  production  shown  by  the 
staphylococcus  aureus  or  b.  pyocyaneus  may  be  mentioned.  Again,  it  has  often  been 
noticed  that  micro-organisms  isolated  from  a  virulent  form  of  a  disease — e.  g.,  hemor- 
rhagic septicaemia  in  cattle,  or  cholera  asiatica — do  not  possess  a  corresponding 
degree  of  patliogenicity  and  grow  luxuriantly  upon  artificial  media.  So  it  is  possible 
that  in  our  case  we  happened  to  obtain  a  growth,  not  of  the  more  virulent  and  less 
sapro})hytic  type  of  organisms  present  in  the  tissues,  but  of  those  that  had  a  tendency 
toward  a  saprophytic  mode  of  existence. 

As  for  the  histological  changes  w^hich  this  organism  is  able  to  produce,  we  cannot 
make  any  definite  statements.  It  is  possible  that  the  marked  canthosis  occurring  in 
the  finger  of  monkey  No.  261  may  indicate  the  way  in  which  the  cauliflower-like 
verruccoid  growth  of  tissue,  occurring  in  the  human  cases,  w^as  produced. 


«W.  A.  Rogers,  Proc.  Am.  Soc.  Micrs.,  1883,  p.  198. 
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Eeference  Cited  in  the  Text  of  Report  of  an  OuciANiSM  kesemblino  Kodi- 
\\'keks  HAriLLUs,  Jholatei)  FJioM  Two  Cases  oe^^  a  FEcirLiAK  Form  of  Hand 
Infection,  i?y   William  B.  Wiierky,  M.  I). 

(1)  S.  (liiffky,  Arbeiten  ans  deni  Kaiserl.     GeHUiidheitsamiiite,  3. 

(2)  Archives  of  Opthalniology,  1886,  XV,  No.  4;  or,  N.  Y.  Mod.  Ree.,  May  :U,  1887. 

(3)  Cent.  f.  Bakt.  xi.  Parasitenk,     1887,  1,  289. 

(4)  Jalirbuch.  d.  llamb.  Staatekrankenanstalten,  3,  Bd.  94. 

(5)  FliijTge-MikroorganisDKni,  1896,  11,  440  and  441. 

(6)  Miiir  and  Ritohie,  Manual  of  Bacteriology,  Am.  Ed.  1903,  201.     (Midler's  article 

will  probably  be  found  in  the  AVien.  Med.  Wchnschr.  1897.) 


THE  PANAMA  CANAL  AND  ITS  KELATION  TO  THE  INTKODUCTION  OF  YELLOW 
FEVER  INTO  OTTR  EASTERN  AMERICAN  POSSESSIONS,  BY  RICHARD  P. 
STRONG,  M.  D. 

The  question,  as  Doctor  Manson  has  fully  explained,  is  obviously  one  of  colloRsal 
importance  to  the  Far  East.  In  our  American  possessions — the  Hawaiian  Islands, 
Guam,  and  tlie  Philippines — we  shall  need  to  be  continually  on  our  guard  against  the 
importation  of  cases  of  yellow  fever  or  of  infected  Stegomyia  fascutta.  liuring  the 
past  yearyelhnv  fever  has  frequently  been  present  in  Panama,  tlie  i)roposed  western 
terminus  of  tlie  canal.  Thus,  from  April  22  to  May  12,  1902,  8  cases  and  6  deaths 
were  reported.  From  July  1,  1902,  until  the  middle  of  January  of  this  year,  accord- 
ing to  the  health  reports  of  the  United  States  Marine-Hospital  Service,  there  have 
been  133  cases  and  23  deaths  of  yellow  fever  in  that  city. 

As  has  long  been  recognized,  the  disease  often  follows  the  lines  of  commercial 
maritime  travel.  It  is  well  known  that  there  are  frequent  instances  of  the  introduc- 
tion of  the  malady  by  vessels  into  hitherto  uninfected  regions.  Good  examples  of 
the  conveyance  of  the  disease  by  ships  over  short  distances  may  be  seen  in  tlu^  infec- 
tion of  the  southern  ])orts  of  the  United  States  and  of  Mexico  from  the  West  Indies. 
Whether  the  West  Indies  were  primarily  infected  from  West  Africa,  or  vice  versa, 
must  still  remain  uncertain.  Tlie  lirst  accredited  record  of  yellow  fever  in  Spain  is 
that  of  1 730,  when  the  disease  was  imported  into  Cadiz  by  a  ship  from  Central 
America.  The  introduction  of  the  malady  into  Brazil  in  1849  occurroxl,  it  is  sai<l, 
through  an  infected  vessel  from  New  Orleans  which  landed  at  Bahia.  Before  this 
time,  according  to  some  authorities,  the  disease  was  unknow^n  in  that  country.  How- 
ever, others  assert  tliat  yellow  fever  was  imported  into  lisbon  from  Brazil  as  early 
as  1723,  and  that  tliis  was  its  first  appearance  in  Europe.  At  any  rate,  since  1849 
yellow  fever  has  never  been  absent  from  Brazil.  The  introduction  of  the  disease 
into  Portugal  by  vessels  from  Brazil  followed  in  1850, 1851 ,  and  1856.  There  occurred 
in  St.  Nazaire,  in  1861,  the  only  important  epidemic  of  yellow  fever  that  has  ever 
broken  out  in  France,  and  this  was  also  due  to  infection  fix)m  shipboard,  as  follows: 

The  sliip  Amie  Marie  sailed  from  Habana  on  June  13.  On  July  1,  eighteen  days 
after  her  departure  from  that  port,  two  seamen  fell  sick,  and  five  days  afterwards  died 
of  yellow  fever.  The  epidemic  then  spread  throughout  the  crew%  and  9  out  of 
the  total  number  of  1 6  were  attacked  by  the  disease.  The  ship  entered  the  port  of 
St.  Nazaire  twenty  days  after  the  last  death,  and  ten  days  after  tlie  inception  of  the 
final  case  of  suspicious  illness.  As  no  case  of  sickness  had  occurred  on  board  during 
the  last  ten  days  of  the  voyage,  and  as  all  were  well  at  the  time  of  arrival,  the 
vessel  and  crew  were  not  quarantined.  The  Anne  Marie  lay  near  the  shore,  and  at 
her  side  were  moored  two  other  vessels.  Her  crew  were  disbanded  and  the  dis- 
charge of  the  cargo  was  intrusted  to  17  stevedores,  all  of  whom  w^ere  in  good  health. 
Shortly  after,  10  of  them  became  sick  and  died  of  yellow  fever,  wdiile  6  persons  on 
shore  who  had  been  in  contact  with  them  also  contracted  the  disease.  In  addition, 
yellow  fever  broke  out  on  board  both  of  the  vessels  which  were  lying  near  the  Anne 
Mark,  and  from  them  others  became  secondarily  infected.  In  short,  the  Anne  Marie 
infected  seven  vessels  directly  or  indirectly  with  yellow  fever.  In  all  there  were  40 
cases  and  23  deaths. 

The  epidemic  which  occurred  in  Leghorn,  Italy,  in  1804,  also  owed  its  origin  to  a 
Spanish  ship  from  Habana.  During  the  voyage  to  Cadiz  this  ship  had  lost  almost  its 
entire  crew  from  yellow  fever.  The  crew  was  recruited  at  Cadiz  and  eventually 
arrived,  after  several  stoppages,  at  Leghorn,  where  no  quarantine  was  imposed. 
Two  sick  men  were  taken  ofi  the  vessel  and  carried  to  an  inn  in  the  city,  both  of 
them  dying  a  few  days  later.  Shortly  afterwards  12  other  persons  at  the  same  inn 
were  stricken  witli  the  disease.  Suspicion  was  directed  against  the  ship  from 
Habana  as  the  source  of  the  trouble,  and  sanitary  guards  were  stationed  aboard,  who 


REPORT  OF  THE  SECRETARY  OF  THE  INTERIOR.      587 

aim  x)roinptly  contracted  the  fever.  The  malady  spread  gradually  throughout  the 
city  of  JiCghorn.  The  statistics  of  this  epidemic  are  very  conflicting,  it  having  been 
variously  estimated  that  from  700  to  1,900  persons  died  of  the  disease.  While  it  was 
not  admitted  to  be  yellow  fever  at  the  time,  probably  for  commercial  reasons,  Pal- 
loni,  who  had  seen  and  studied  the  epidemic,  acknowledged  seventeen  years  later  that 
it  had  really  been  one  of  yellow  fever. 

There  are  many  other  instances  in  which  epidemics  of  yellow  fever  have  been 
carried  by  vessels  directly  from  one  port  to  another,  and  often  over  great  distances. 
( )ne  need  glance  only  for  a  moment  at  the  map  and  then  at  the  statistics  of  cases  of 
yellow  fever  in  numerous  seaport  towns  during  the  past  year  to  be  again  impressed 
by  the  relationship  existing  between  commerce  and  yellow  fever.  During  the  past 
year  among  the  seaport  towns  of  the  eastern  coast  of  the  Western  Continent,  Port 
Limon,  Progreso,  Vera  Cruz,  Tuxpan,  Tampico,  Rio  de  Janeiro,  Bahia,  Manaos, 
I*ernambuco,  Para,  and  Paramaribo,  and  among  those  on  the  western  coast,  Panama, 
and  Guayaquil  have  all  been  frequent  sufferers  from  this  scourge.  It  does  not  seem 
improbable,  therefore,  that  unless  extreme  precautions  are  taken  against  vessels 
passing  from  these  regions  and  bound  for  ports  in  the  Far  East,  infected  ships,  and 
even  cases  of  yellow  fever  will  be  conveyed  from  the  above-mentioned  cities  to  Hono- 
lulu, or  even  directly  to  Guam,  Hongkong,  and  the  Philippine  Islands. 

I  would  remind  you  that  as  late  as  1865  a  sailing  vessel  arrived  at  Swansea  from 
Santiago  de  Cuba,  on  board  of  which  yellow  fever  broke  out  while  in  port,  and 
caused  the  death  of  15  persons.  It  is  well  known  that  it  is  not  an  uncommon  occur- 
rence for  vessels  to  arrive  in  Italian  ports  from  South  America  with  a  history  of  yellow 
fever  on  board  during  the  voyage.  With  these  examples  in  view  does  not  the  argu- 
ment seem  reasonable  that  the  same  thing  might  take  place  in  Asiatic  ports  owing  to 
the  increased  traffic  between  them  and  the  endemically  infected  regions?  The  dis- 
tance from  Panama  to  Honolulu  is  4,692  miles,  which  is  about  the  same  as  that  from 
Bahia  to  Naples,  and  less  than  that  from  Rio  de  Janeiro  to  Naples.  Mail  steamers 
from  Panama  should  reach  Honolulu  in  thirteen  or  fourteen  days,  and  the  Philippine 
Islands  by  a  direct  route  in  about  twenty -eight  days.  Vessels,  even  though  leaving 
Panama  with  no  cases  of  yellow  fever  on  board,  and  reaching  Honolulu  without  a 
history  of  sickness  en  route,  yet  might  obviously  be  most  serious  agents  of  infection 
to  the  Hawaiian  Islands,  for  if  Stegomyia  which  had  recently  bitten  persons  suffering 
with  yellow  fever  were  taken  on  board  the  ship  at  Panama  (as  the  late  Doctor  Reed  has 
shown)  they  would  not  be  capable  of  conveying  the  disease  until  about  twelve  days 
later,  which  at  the  earliest  would  be  one  or  two  days  before  the  arrival  of  the  ship  in 
Honolulu.^  Stevedores  sent  on  board  at  Honolulu  to  unload  the  cargo  might  l)e 
bitten  by  these  insects  and  could  later  convey  the  disease  to  others  in  the  Hawaiian 
Islands.  The  same  might  occur  in  Guam  or  the  Philippines,  for  ships  might  also 
arrive  at  these  ports  with  no  cases  of  yellow  fever  on  board,  and  without  a  history  of 
the  disease  in  route,  and  yet  contain  infected  Stegomyia  which,  concealed  in  the  hold 
or  in  other  places  unfrequented  by^  the  passengers  or  crew,  had  not  had  the  oppor- 
tunity of  feeding  upon  susceptible  individuals  during  the  voyage.  H.  R.  Carter  has 
reported  six  sucli  instances.  On  these  occasions  yellow  fever  appeared  respectively 
on  the  eleventh,  twelfth,  thirty-eighth,  sixty-fourth,  and  sixty-eighth  days  after  the 
departure  of  the  ship  from  the  infected  area.  It  has  been  shown  that  the  S'tegormjia 
is  capable  of  conveying  the  disease  at  least  as  late  as  fifty-one  days  after  biting  a 
person  suffering  with  the  disease,  and  it  would  therefore  still  be  dangerous  for  many 
days  after  the  arrival  of  the  vessel  in  an  eastern  port,  whether  it  remained  on  board 
or  escaped  to  land. 

The  question  whether  the  Stegomyin  fasciata  eould  be  kept  alive  during  a  voyage  of 
such  duration  is  easily  answered  in  the  affirmative.  Reed,  how^ever,  pointed  out  that 
free  access  to  water  is  necessary  to  the  existence  of  this  mosquito  and  that  when 
deprived  of  it  it  dies  in  from  live  to  six  days.  There  are  many  instances  in  which 
mosquitoes  have  been  carried  great  distances  at  sea,  and  the  Ste.gomyia  is  frequently 
found  on  board  ships  in  tropical  ports.  Doctor  Cummings,  of  the  United  States 
Marine  Hospital  Service,  reported  that  a  Spanish  barque,  sixty-five  days  out  from 
Rio  de  Janeiro,  arrived  at  the  South  Atlantic  Quarantine  Squadron  with  a  veritable 
plague  of  mosquitoes,  most  of  which  belonged  to  the  species  Stegomyia  fasciata. 
According  to  the  captain's  statement  the  mosquitoes  had  been  jiresent  on  board  the 
ship  during  only  forty-three  days.  In  the  water  tanks  of  this  vessel  great  quantities 
of  the  larvae  were  found,  showing  that  the  insects  were  propagating  and  multiplying 

«In  thirteen  cases  of  experimental  yellow  fever,  Reed  and  the  army  commission 
showed  that  the  incubation  period  varied  from  forty-one  hours  to  five  days  and 
seventeen  hours.  This  agrees  with  the  incubation  period  as  clinically  observed  in  a 
large  number  of  cases  by  various  observers. 
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on  boan].  I  have  cited  a])ove,  at  pome  length,  two  instances  in  which  yellow  fever 
wan  carried  in  veFFein  over  great  di^stances  and  for  long  periods  of  time.  In  the  first 
instanc(*  fln^  ship  Aimc  Muric  carrie<l  the  infection  from  Havana  to  St.  Nazaire.  It 
win  be  reniendH'n<l  th.at  Ihis  vensel  entered  the  port  ten  days  after  the  last  case  of 
yellow^  I'eN'er  hatl  appeared  and  tliat  all  on  board  at  the  time  were  well.  The  infec- 
tion of  the  Htevedorcft  ajid  others  immediately  following  must  have  been  due  to  the 
infectx^d  Sinjoniylii  on  board  the  vessel.  The  history  of  this  epidemic  has  been  care- 
fully explained  in  this  light  by  II.  de  Gousea.  (Le  Bulletin  Medical  de  Paris,  Oct. 
12,  1901 ).  Wiiile  it  jnay  ])e  argued  that,  an  yellow  fever  has  been  successfully  kept 
out  of  Italy  since  188'),  nu  cases  having  been  registered  on  shore  since  that  date, 
althougli  cases  of  the  <lisease  frequently  arrive  in  Italian  ports,  the  question  of  ite 
exchision  from  our  coast  cities  in  the  Far  I'ast  probably  wdll  be  an  equally  simple 
one.  It  seeuiH  likely,  howcn^er,  that  the  climatic  and  hygienic  conditions  in  Europe 
are  not  as  fav<~>rable  to  the  dcNelopment  of  this  disease,  and  that  moreover  the  ports 
I  have  particularly  mentioned,  viz,  Honolulu,  (iuam,  and  those  of  the  Philippine 
Islands,  all  lie  within  from  10°  to  20°  north  latitude,  while  the  Italian  ports  are 
ahnost  all  alK)Y(^  40"  north. 

Again,  with  a  greatly  increased  maritime  traffic  between  the  endemic  yellow  fever 
porta  and  the  East,  the  danger  becomes  manifold,  an<l  each  ship  go  en  route  further 
incrcasiss  the  risk.  8houl<l,  moreover,  a  case  of  yellow  fever  (or  even  infected  Stego 
7m/ia)  reach  .^Manila,  without  (piarantine,  the  enhances  would  seem  to  be  in  favor  of  its 
not  falling  upon  barren  soil.  Humidity  and  heat,  which  seem  to  be  the  ideal  coeiR- 
cieiits  for  the  j)r(;servation  of  the  disease,  are  always  jiresent  in  Philip|iine  ports. 
The  iStt^jomif if t /(ti^cAf tin  is  fouu<l  abundantly  throughout  these  islands,  and  one  may 
at  any  time  readily  obtain  in  a  few  nnnutes  a  number  from  any  of  the  dwelling 
houses  in  IVlanila.  Again,  in  the  Phili})pine  ])ortH  there  will  be  no  oncoming  of  cold 
weatlu^r  to  check  the  si»read  of  the  epidemic,  a  factor  which  hitherto  seems  to  have 
bcf^n  of  most  imi)ortance  in  tlu^  disappearance  of  the  disease  at  various  times  in  the 
Uiuted  Stiites.  Since  the  iS(e<joiiijfi<(,  as  well  as  the  conditions  favorable  for  its  propa- 
gation and  de\elopmenr,  are  to  l>e  found  everywhere  the  year  round,  an  epidemic 
once  stiirted  here  among  a  people  of  perhaps  no  marked  immunity  to  the  disease 
would  probably  end  only  w  hen  no  furtlier  susceptible  material  existed. 

P>ut  while  it  has  seemed  wise  to  em})hasiz(»  the  great  importance  of  this  subject  to 
these  ]>eople,  and  the  greater  risk  of  infection  with  yellow  fever  upon  the  opening  of 
the  Panama  Canal,  in  t  lie  light  of  recent  results  the  matter  has  not  altogether  a  dark 
side.  For  example,  Wood  and  Oorgas,  stinuilatcMl  by  the  work  of  the  late  AValter 
Reed,  have  recently  shown  us  that  it  is  possible  by  ])roper  sanitation  to  entirely 
stamp  out  yellow  fever  from  its  natural  endemic  home,  Habana,  a  place  from  which, 
as  Doctor  ]\Ianson,  writing  in  1898,  hassaid,  "The  disease  is  never  absent."  Having 
shown  that  theexterndnatiou  of  the  malady  is  practicable^  in  such  regions,  why,  then, 
should  notthesaujo  be  accomphshed  along  thetmtire  route  of  the  Panama  Canal? 
It  does  not  se(^m  too  much  to  ho])e  that  this  will  be  brought  about  and  that  before 
the  opening  of  the  canal  there  will  be  little  danger  of  infection  from  its  shores  or 
from  its  terminal  })ort. 


A   tBACTICABIB   CHOLIBA  TAC0INK  AHD  ITS  METHOD    OF   PR1PABATI0N,« 
BY  miCHABD  P.  STBONO,  M.  D. 

For  the  past  several  months  I  have  occupied  myself  with  the  task  of  preparing  a 
practicable  vaccine  against  cholera.  As  it  is  necessary  for  me  to  interrupt  my  studies 
on  this  subject  for  a  time,  and  as  the  results  already  obtained  seem  favorable,  it  has 
been  thought  advisable  to  publish  a  very  brief  ac;count  of  some  of  the  experimental 
w^ork. 

While  apparently  there  is  little  or  no  reason  to  doubt  that  human  vaccination 
against  cholera  with  either  the  Perran-PIaffkins  or  the  Kolle  method,  when  properly 
applied,  gives  rise  to  a  good  immunity,  there  is  nevertheless  little  hope  that  either 
method  will  ever  become  a  general  one  on  ac»count  of  the  severe  local  reaction  and 
the  constitutional  symptoms  w  hich  usually  follow  the  administration  of  each .  Indeed, 
Kolle  himself  admits  that  these  methods  are  far  too  severe  for  practical  use. 

In  my  search  for  a  practicable  vaccine  I  first  studied  the  local  reaction  and  other 
toxic  effects  produced  in  animals  after  the  injection  both  of  a  very  virulent  cholera 
culture  and  of  one  which  through  cultivation  on  artificial  media  for  a  long  period  of 
time  (nine  years)  had  lost  most  of  its  virulence.    The  effects  of  the  killed  m  well  as 

<«From  the  Instit»t  f ir  Infectioiiskrankheiten  in  Berlim  (Director:  Geh.  Med.- 
Eath.  Prof .  Dr;  B,  Koch. ) 
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of  the  living  organisms  were  also  studied  with  each  culture.  These  two  stems,  for 
the  sake  of  brevity,  will  be  referred  to  in  the  article  as  "virulent"  and  "avirulent." 

8onie  tinui  was  spent  in  accurately  standardizing  these  cultures,  and  the  minimal 
lethal  dose  for  guinea  j>igs  of  250  grams  weight  w^as  carefidly  determined.  After 
numerous  passages  of  "viruk^nt"  through  animals  a  minimal  lethel  dos<vof  one-tenth 
of  a  standard  d{)Se  of  a  twenty-four-hour  agar  culture  was  reac;lied.  Such  a  dose  of 
"virulent"  suspended  in  1.  c.  c.  of  an  0.85  per  cent  solution  of  sodium  chiori<l(i  and 
injected  intra])eritoneally  into  a  guinea  pig  of  250  grams  weight,  regularly  caused 
death  within  twenty-four  hours.  Witli  "avirulent,"  on  the  other  hand,  one  and 
oiie-lialf  of  a  standard  dose  of  a  twenty-four-li our  agar  culture  injecte<l  intraperitone- 
al I  y  were  required  to  produce  deatli  witliin  tins  time  in  sucii  an  animal.  The  former 
stem,  therefore,  may  be  said  to  possess  fifteen  times  the  viridence  of  tlie  latter. 
Throughout  the  course  of  tiie  work  this  relation  between  the  organisms  was  carefully 
])reserved  and  continually  tested  l>y  animal  inoculation.  As  the  virulence  of  cholera 
cultures  changes  in  a  few  days  on  laboratory  media  it  is  necessary  to  make  daily 
inoculations  and  always  to  use  the  same  generati(m  of  the  stem. 

It  soon  l)ecame  evident  tliat  the  local  reaction  upon  the  tissues  in  animals  after 
the  subcutaneous  injection  of  "avirulent"  was  nuich  less  than  after  one  with  virulent 
cltolera  spirilla.  I  therefore  decided  to  deternune  the  character  of  the  serum  whicli 
could  l>e  |)roduced  witli  tins  avirulent  organism  and  to  com[)are  it  wdth  the  one  pro- 
duced by  the  virulent  germ.  Accordingly,  a  series  of  six  ra))bits  of  an  average  weight 
of  1 ,500  grams  eacii  was  inoculated  intravenously,  three  ea(;h  witli  one-lialf  oese  of 
"virulent"  and  tFiree  each  with  one-half  oese  "avirulent,"  the  organism  in  every 
instance  being  sus|)ended  in  1  c.  c.  of  normal  saline  solution.  After  seven  days  tlie 
rabbits  were  ail  killed  by  bleeding  and  the  value  of  the  serum  in  each  case  deter- 
niined  for  agglutinative  and  bactericidal  properties.  It  was  then  seen  that  the  rab- 
bits inoculated  witli  the  virulent  culture  always  fimiished  better  serum  than  those 
inoculated  with  "avirulent,"  but  that  the  value  of  the  serum  from  animals  treated 
with  the  foriiier  in  l)otli  ])actericidal  and  agglutinative  ]>roperties  was  in  no  case 
more  than  twdce  that  of  the  serum  furnished  by  animals  treated  with  "avirulent.  " 
The  techni(|ue  used  in  these  experiments  was  as  follows: 

The  reactions  for  agglutination  were  performed  in  the  test  tube.  One  oese  of  tlie 
hying  organisms  was  thoroughly  emulsiiied  wdth  1  c.  c.  of  an  0.85  |>er  cent  solution 
of  sodium  chloride.  The  diluted  serum  suspended  in  I  c.  c.  of  a  similar  saline  solu- 
tion was  then  added  and  the  mixture  ])laced  for  two  hours  at  ;>7°  0.  In  a  complete 
agglutination  the  liquid  overlying  tlie  precipitated  bacteria  sliould  appear  entirely 
clear. 

The  bactericidal  reactions  were  performed  in  the  abdominal  cavities  of  guinea 
pigsafterthe  well-known  method  of  E.  Pfeiffer.  The  dilutions  of  the  serum  were 
made  in  normal  saline  solutions.  One  c.  c.  of  the  diluted  serum  was  then  added  to 
1  c.  c.  of  bouillon  containing  one  oese  of  "virulent"  in  suspension,  after  which  1  c.  c. 
of  the  resulting  mixture  was  injected  into  the  i)eritoneal  cavity  of  a  guinea  pig,  the 
animal  thus  receiving  hve  times  the  fatal  dose  of  li\  ing  organisms.  A  fresh  guinea 
pig  was  used  for  each  reaction,  w hich  was  controlled  l)y  micioscopical  examination 
of  a  drop  of  the  contents  of  tlie  abdominal  cavity  (obtained  by  means  of  a  capillary 
tube)  as  Avell  as  by  the  inoculation  of  control  animals  without  sei'um.  The  result  to 
the  animal  after  twenty-four  hours,  whetlier  living  or  dead,  was  regarded  as  the 
final  test,  though  the  condition  of  the  organisms  in  the  abdominal  cavity  was  always 
carefully  noted. 

As  an  outcome  such  as  was  obtained  in  tlie  foregoing  experiments  was  not  entirely 
unexpected,  but  as  the  resxdts  were  somewhat  at  variance  with  the  ideas  of  Ilaffkine, 
and  quite  different  from  what  R.  Pfeiffer  found  upon  the  intravenous  injection  into 
rabbits  of  dead  cholera  spirilla  of  different  degrees  of  virulence^  it  was  determined  to 
repeat  them.  Accordingly,  the  second  series  of  animals  was  inoculated  just  as  the 
first,  and  on  the  day  of  inoculation,  as  in  the  jjrevious  series,  the  virulence  of  the 
injected  organisms  was  verified  as  fifteen  to  one.  The  result  was  practically  the 
lame,  for  at  the  end  of  seven  days  the  examination  of  the  sera  shelved  that  the 
virulent  stem  had  in  only  one  case  given  a  serum  of  more  than  twice  the  bacteriocidal 
value  of  that  produced  by  the  avirulent. 

In  this  one  case  the  avirulent  serum  was  one-fourth  as  strong. 

In  the  experiments  performed  with  the  subcutaneous  injection  of  the  avirulent 
organism,  m  both  the  living  and  the  dead  state,  while  the  local  reaction,  as  already 
mentioned,  was  much  milder  than  with  the  use  of  the  virulent  germ,  there  was 
always  considerable  inflammation  about  the  point  of  inoculation,  and  it  soon  liecame 
evident  that  it  would  be  highly  desirable  to  do  awav  entirely  with  the  bacterial  cells 
if  possible.  I  therefore  occupied  myself  with  the  problem  of  extracting  the  imniu- 
mzing  properties  from  the  bacterial  bodies. 
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iVfter  the  trial  of  numerous  methods  it  was  found  that  by  the  autolytie  dipfPstion 
of  the  killed  spirilla  in  aqueous  solutions  the  cholera  receptors  were  set  free  in  the 
liuid  in  great  abundance,  and  after  filtration  were  easily  demonstral)le  by  the  fact 
that  such  filtrates  possessed  the  i)ower  to  l)ind  the  cholera  uni  and  amboceptors 
(a<rglutuiines  and  bacterioly sines)  in  a  cholera-immune  serum,  as  well  as  by  their 
power  after  injection  into  ral)bits  of  giving  rise  to  the  appearance  of  bactericidal, 
agglutinative,  and  antitoxic  substances  in  the  blood  of  these  animals.  Such  a  filtrate 
therefore  immediately  recommended  itself  for  trial  as  a  protective  inoculation. 
After  its  efficacy  as  a  vaccine  had  been  demonstrated  by  numerous  animal  experi- 
ments the  cholera  receptors  w^ere  obtained  in  solution  in  large  quantities  after  the 
following  nuuiner: 

The  surfaces  of  large  flat-sided  flasks,  filled  with  agar,  were  sprayed  with  twenty- 
houi-  bouillon  cultures  of  the  organism  and  the  flasks  then  put  aside  in  tlie  incubator 
at  87°  C.  for  twenty  hours. «  After  this  j)eriod  the  growth  was  emulsified  with  sterile 
water,  removed  from  tlie  surface  of  the  agar,  and  the  enuilsion  placed  in  a  sterile  flask 
at  60°  C.  for  two  hours.  The  mixture  was  then  put  aside  in  the  incubator  at  37°  C. 
for  from  two  to  five  days.  The  best  results  Avere  apparently  obtained  after  five  days 
of  autolytie  digestion,  at  the  end  of  w  hich  the  emulsion  was  filtered  through  a  Reichel 
candle.  The  fhiid  thus  obtained  must,  of  course,  be  examined  for  sterility  and  care- 
fully standardized  before  using  as  a  vaccine. 

By  means  of  the  intravenous  injection  into  rabbits  of  1  c.  c.  of  such  a  filtrate 
(representing  the  amount  of  receptors  obtained  from  two  oese  of  "virulent"  after 
two  days  of  digestion)  there  was  obtained  at  the  end  of  seven  days  a  serum  equal  in 
bacteriocidal  and  agglutinative  i)roperties  to  that  obtained  l)y  the  injection  of  one- 
half  oese  of  the  living  virulent  cholera  organism.  Following  the  intravenous  inject 
tion  of  6  c.  c.  (obtained  from  12  oese  after  five  days^  digestion)  a  serum  of  double  this 
strength  was  obtained,  such  that  it  agglutinated  in  dilutions  of  1  to  900  and  showed 
a  bacteriocidal  reaction  of  1  in  24,000.  Rabbits  received  large  intravenous  injections 
of  as  high  as  12  c.  c.  of  a  filtrate  not  too  concentrated  and  but  slightly  showed  the 
effects  of  the  inoculation.  Usually  there  was  about  one  degree  of  temperature  on 
the  day  following  the  inoculation.  If,  however,  the  solutions  of  the  filtrate  were  too 
concentrated,  death  sometimes  resulted.  The  injection  of  the  filtrate  obtained  from 
the  digestion  of  the  avirulent  stem  likewise  gave  rise  to  immunizing  properties  in 
rabbits,  and  the  serums  obtained  w^ere  from  one-fifth  to  one-twelfth  as  strong  as  those 
produced  by  the  injection  of  corresponding  amounts  of  the  virulent  filtrate.  In 
either  case  the  filtrate  might  be  evaporated  in  a  vacuum  at  37°  C,  and  when  dissolved 
in  w^ater  and  injected  either  subcutaneously  or  intravenously  gave  rise  to  a  good 
inununity,  although  the  results  obtained  were  not  so  excellent  as  those  following  the 
use  of  the  filtrate  before  evaporation. 

I  have  repeatedly  injected  from  1  to  5  c.  c.  of  virulent  vaccine  filtrate  subcutaneously 
into  a  large  number  of  both  guinea  pigs  and  rabbits  practically  w  ithout  any  signs  of 
the  appearance  of  a  local  reaction.  A  small  guinea  pig  inoculated  intraperitoneal! y 
with  5  c.  c.  of  virulent  filtrate  died  after  twenty-four  hours,  but  there  were  no  evi- 
dences of  injection  of  the  blood  vessels  at  the  point  of  inoculation,  neither  were  there 
any  signs  of  injection  or  hemorrhage  in  the  peritoneal  cavity,  but  only  a  marked 
axlenia  of  the  abdominal  walls.  However,  ^  c.  c.  of  the  precipitate  remaining  l)ehind 
on  the  filter,  in  the  form  of  an  emulsion,  gave  rise  to  the  death  of  guinea  pigs  with 
the  presence  of  an  extensive  local  reaction,  injection  of  the  vessels,  and  corrosion  of 
the  tissues.  On  the  other  hand,  the  injection  of  1  c.  c.  of  virulent  vaccine  fdtrate 
perfectly  and  regularly  protected  guinea  pigs  after  one  week  against  the  injection  of 
five  times  the  fatal  dose  of  cholera  spirilla.  As  a  passing  example  of  its  value  as  a 
vaccine  may  be  mentioned  an  experiment  in  which  four  large  guinea  pigs  were  inocu- 
lated, two  receiving  -^^  oese  of  virulent  twenty-four  hour  agar  culture,  and  the  other 
two  5  c.  c.  of  virulent  vaccine  filtrate  intraperitoneally.  After  six  days  all  were  inoc- 
ulated with  2  oese  of  "virulent."  The  two  which  had  received  the  vaccine  filtrate 
lived;  the  other  two  died.  From  these  experiments  it  is  easy  to  see  that  we  have  a 
very  efficacious  form  of  vaccine,  and  apparently  one  which  gives  rise  to  almost  no 
local  reaction.  In  fact,  through  the  kindness  of  Professor  Wasserman,  I  recently 
received  a  subcutaneous  injection  of  a  quantity  of  such  filtrate  corresponding  to  j\ 
oese  "virulent,"  practically  without  the  appearance  of  any  local  reaction. 

Naturally,  during  the  course  of  this  work  the  question  often  recurred  to  me  upon 
what  property  the  difference  in  virulence  (15  to  1)  between  my  two  stems,  virulent 
and  avirulent,  depended.     Without  going  into  detail  here,  it  may  be  said  that  it  was 

«  Cultures  of  twenty  hours'  duration  were  always  used,  because  it  h^s  been  found 
that  the  maxinnim  growth  of  cholera  cultures  at  37°  C.  is  obtained  within  this  time. 
After  this  period  a  rapid  death  of  spirilla  in  culture  media  takes  place. 
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pOHsible  to  show  that  ill  a  cholera-immune  serum  (aj^ghitinating  and  bactericidal) 
i)oth  of  rahl)itHand  guinea  pigs,  the  virulent  organism  bound  from  fourteen  to  sixteen 
tinies  as  many  cholera  amboceptors  as  did  the  avirulent  one,  or,  in  other  words,  the 
virulent  germ  either  possessed  from  fourteen  to  sixteen  times  as  many  receptors  as 
the  avirulent  one  or  Jiad  from  fourteen  to  sixteen  tinies  m  great  an  aflinity  for 
the  choh^ra  amboceptors  in  its  liaptoj)hore  grouj).  Experiments  t^)  determine  the 
difference  })etvveen  the  number  of  receptors  possessed  by  the  killed  organisms  of  botli 
stems  and  also  the  difference  in  the  number  of  the  receptors  possessed  by  tlie  filtrates 
ol)taiiied  by  autolytic  digestion  from  each  will  be  described  in  a  later  pa]>er. 

The  use  of  free  receptors  obtained  })y  autolytic  digestion  and  filtration  as  a  vaccine 
in  otlier  diseases,  as,  for  example,  typlioid  fever  and  dysentery,  along  the  same  lines 
as  1  have  described  for  cholera,  naturally  suggests  itseff.  However,  whether  autoly- 
sis will  furnish  as  satisfactory  a  vaccine  with  tlie  bacilli  of  typhoid  fever  and  dysen- 
tery as  with  the  spirilla  of  Asiatic  cholera  can  l)e  determined  only  })y  actual  experi- 
ment. Comradi,  Neiser,  and  Shiga  have  recently  suggested  the  use  of  such  a  method 
for  the  i)reparation  of  a  curative  serum  in  typhoid  fever  and  dysentery.  As  autolytic 
digestion  does  not  always  give  constant  results  with  all  bacteria,  one  is  not  to  be  dis- 
couraged by  a  few  failures  in  the  use  of  this  method.  Its  success,  perhaps,  largely 
depends  upon  the  fermentative  power  of  the  organism  and  upon  the  number  of 
receptors  it  contaiiis.  It  is  my  intention,  if  possible,  shortly  to  make  use  of  my  vac- 
cine in  the  epidemic  of  (;hoIera  now  existing  in  the  Philippine  Islands. 

In  regard  to  the  preparation  of  a  vaccine  against  Asiatic  cholera,  I  wish  to  add 
tliat  if  one  accei)ts  spirilla  found  in  water,  or  even  in  the  intestines  of  those  who  have 
died  of  cholera,  and  which,  for  example,  possess  more  than  a  single  terminal  flagel- 
luni,  or  those  wdiich  kill  pigeons,  etc.,  as  examples  of  the  genuine  SpirU/um  cholerni 
asiaticx,  w\i\\i)\\i  having  very  carefully  tested  these  organisms  with  an  undoubted 
cholera-immune  serum  in  dilutions  reasonably  near  the  agglutinating  limit,  and,  fur- 
ther, if  one  uses  sut^h  organisms  in  the  preparation  of  a  protective  vaccine,  I  do  not 
believe  that  very  satisfactory  results  against  Asiatic  cholera  can  be  obtained.  The 
selection  of  a  correct  spirillum  for  the  preparation  of  a  vaccine  is  obviouslv  of  the 
greatest  importance,  and  should  be  made  with  particular  care.  Finally,  it  "is  prob- 
able that  several  varieties  of  spirilla,  such  as  I  have  referred  to  above,  and  Avhich 
give  characteristic  growths  for  cholera  organisms  on  artificial  media,  or  even  stems, 
such  as  ''avirulent,"  may  be  swallowed  by  human  beings  with  impunity;  but  I  am 
not  at  all  convinced  that  the  same  may  be  performed  with  very  virulent  stems  of 
true  Spirlllmn  cholerw  asiafiav.  Our  experience  in  Manila  has  shown  us  that  the 
genuine  cholera  spirillum  is  not  nearly  so  variable  in  its  serum  reactions,  growth  on 
artificial  media,  and  pathogenicity  as  might  be  supposed  from  some  of  the  literature 
on  the  subject. 

In  conclusion,  I  wish  to  express  my  thanks  to  Prof.  A.  Wasserman,  in  whose  dejmrt- 
ment  of  this  institute  the  work  was  performed,  for  manv  valuable  suggestions  during 
the  course  of  my  study.  Whatever  benefit  may  come  from  the  use  of  this  vaccine 
will  in  greater  part  belong  to  him. 


REPORT  OF  THE  BOTANIST  OF  THE  BUREAU  OF  GOVERNMENT  LABORATORIES, 
MR.  ELMER  D.  MERRILL,  FOR  THE  PERIOD  COMMENCING  JULY  1,  1903,  AND 
ENDING  AUGUST  31,  1903. 

Botanical  w^ork  under  the  American  auspices  was  commenced  in  April,  1902,  in  the 
bureau  of  agriculture  at  the  time  of  its  organization.  In  July  of  the  same  year,  by  an 
act  of  the  Civd  Commission,  in  addition  to  my  duties  as  botanist  in  that  bureau,  I  was 
also  made  actmg  botanist  to  the  bureau  of  forestry;  while  on  Julv  28,  1903,  bv  act 
of  the  Civil  Commission,  I  was  transferred  with  all  botanical  w^ork  to  the  bureau 
oi  government  laboratories,  the  object  of  this  transfer  being  to  bring  tlie  scientific 
w^ork  under  one  head  as  far  as  possible,  so  as  to  avoid  duplication  of  libraries  and 
equipment. 

Reports  on  the  work  accomplished  from  July  1,  1902,  to  Julv  1,  1903,  have  been 
submitted  to  the  chiefs  of  the  bureaus  of  agriculture  and  forestry. 

Pending  the  action  of  the  Commission  in  the  matter  of  the  transfer  I  remained  in 
the  bureau  of  agriculture  until  August  1,  on  that  date  transferring  all  office  equip- 
ment, botanical  books,  and  herbarium  to  this  office.  This  material,  the  propertv  of 
the  bureayis  of  agriculture  and  forestry,  should  be  officially  transferred  to  this  office 
at  the  earliest  possible  date. 
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OBOANIZATION. 

In  the  oi^nimtion  of  the  botanical  laboratory  the  work  should  be  planned  to  fol- 
low broad  lines,  and  not  be  confined  to  any  one  or  two  fields  of  work,  but  rather  be 
planned  to  cover  all  branches  of  botanical  investigations.  The  botanical  library  and 
herbarium,  the  baais  of  all  accurate  work,  should  be  built  up  as  rapidly  as  possible; 
provision  should  be  made  for  w-ork  in  pathology,  morphology,  vegetable  physiology, 
histology,  ecology,  etc.,  and  at  the  same  time  systematic  botany  should  not  be 
neglecjted.  At  tlie  present  time  the  greatest  need  in  the  botanical  investigation  in 
the  Philippines,  is  a  thorough  inquiry  into  the  systematic  botany,  for  much  of  the 
work  in  other  branches,  not  only  of  botany,  but  also  in  forestry,  agriculture,  chem- 
istry, and  entomology  is,  to  a  greater  or  less  extent,  dependent  on  systematic  botany. 
Following  the  plans  of  the  l)otanical  institutions  established  in  the  Tropics  by  the 
English  and  the  Dutch,  provision  should  be  made  for  granting  the  facilities  of  this  labo- 
ratory to  such  American  and  European  botanists  who  may  desire  to  work  on  a  trop- 
ical flora.  The  leading  educational  institutions  in  America  should  be  notified  of  the 
facilities  offered  by  the  laboratory  for  work  in  all  lines  of  botanical  investigations, 
and  an  attempt  should  be  made  to  attract  those  botanists  who  desire  some  knowledge 
of  the  tropical  flora  and  those  candidates  for  advanced  degrees  searching  for  subjects 
or  materials  on  wdiich  to  prepare  their  theses.  The  plan  of  tlie  United  States  Depart- 
ment of  Agriculture,  providing  for  the  position  of /'scientific  aids,"  at  a  nominal 
salary,  has  much  to  commend  it,  and,  it  is  believed,  would  be  entirely  practicable 
here. 

To  logically  carry  out  the  plans  of  the  Oivil  Commission  regarding  the  botanical 
investigations  in  the  Philippines,  which  resulted  in  the  transfers  from  the  bureaus 
of  agriculture  and  forestry  to  this  bureau,  all  botanical  work  should  l)e  done  in  this 
office,  and  other  bureaus  should  cooperate  with  us  in  building  up  our  working  herba- 
rium. At  the  present  time  there  are  three  distinct  bureaus  in  the  department  of 
the  interior,  all  ui^ently  in  need  or  the  services  of  a  botanist,  and  the  plan  of  the 
Commission  to  have  all  the  botanical  work  done  in  one  office  is  the  most  logical 
one,  in  order  to  avoid  the  expense  of  duplicating  botanical  books  and  equipment. 
However,  it  is  impossible  for  one  or  two  men  to  do  all  the  work  necessary,  and  it  is 
hoped  that  a  sufficient  number  of  assistants  will  be  provided. 

The  forestry  bureau  is  at  i>resent  in  the  grtmtest  need, of  the  services  of  a  botanist, 
and  during  the  past  year  the  greater  part  of  my  time  has  been  spent  in  the  interests 
of  that  bureau.  As  the  organization  of  the  botanical  laboratory  is  completed  and 
assistants  become  available,  a  division  of  forest  flora  investigations  should  be  estab- 
lished and  cei-tain  assistants  assigned  to  this  most  important  branch.  Pending  the 
complete  organization  of  the  botanical  laboratory  our  chief  attention  should  be  given 
to  the  work  on  the  forest  flom. 

ASSISTANTS. 

By  understanding  wdth  the  honorable,  the  Civil  Commission,  in  July,  1903,  meas- 
ures were  taken  to  find  an  assistant  and  two  collectors  for  the  botanical  laboratory, 
and  it  is  hoped  these  will  be  authorized  and  be  able  to  report  for  duty  within  two  or 
three  months.  In  addition  to  these  assistants,  native  collectors,  should  be  employed, 
and  provision  should  be  made  for  an  adequate  clerical  force  in  the  office.  t_)ne 
clerk  who  can  operate  a  typewriter  is  urgently  needed,  a  position  of  *' curator'' 
should  be  established,  whose  duties  should  be  to  prepare  material  for  theherbariuni, 
to  oversee  the  poisoning  and  mounting  of  specimens,  to  distribute  material  in  the 
herbarium,  to  distribute  duplicates,  to  complete  labels,  etc.,  in  order  to  relieve  me 
of  this  routine  work  and  give  nie  opportunity  to  devote  my  attention  to  more  impor- 
tant matters.  Native  assistants  for  poisoning  and  mounting  specimens  are  essential, 
and  this  work  will  be  greatly  increased  in  the  near  future. 

BOTANICAL  LIBBABY. 

The  botanical  books  at  present  available  have  been  purchased  by  the  Ijureaus  of 
agriculture  and  forestry,  and  an  additional  list  has  been  sent  to  dealers  from  the 
bureau  of  government  laWratories,  so  that  we  soon  will  be  in  a  position  to  have  a 
very  ^^reditable  nucleus  for  an  extended  botanical  library. 

HKRBAKIUM. 

At  the  time  of  the  transfer  of  the  botanical  work  to  this  bureau,  the  herbarium 
contained  5,061  mounted  spec^'mens,  the  property  of  the  bureaus  of  agriculture  and 
forestry.    Since  then  there  have  been  added  138  specimens  secured  by  employees  of 
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the  forestry  bureau,  90  Philippine  specimens  collected  by  employees  of  the  bureau 
of  agriculture,  200  specimens  receivxHl  by  the  bureau  of  agriculture  from  the  botan- 
ical garden  at  Calcutta,  and  858  specimens  received  by  the  forestry  bureau  from  the 
botanical  garden  at  Buitenzorg,  Java.  The  total  number  of  specimens  in  the  her- 
barium at  present  is  6,342. 

PUBLICATIONS. 

The  publications  prepared  during  the  past  year,  while  the  botanic^al  work  was  in 
the  bureau  of  agriculture,  are  as  follows: 

Bulletin  No.  4,  bureau  of  agriculture:  '^Botany  in  the  Philippines'*  an  historical 
review  of  the  botanical  work  accomplished  on  the  Philippine  flora. 

Bulletin  No.  1,  bureau  of  forestry:  '^ Report  on  investigations  in  Java  in  the  year 
1902."  This  consists  of  a  report  on  my  trip  to  the  island,  an  enumeration  of  the 
Philippine  plants  identified,  a  report  on  the  methods  employed  in  investigating  the 
forest  flora  of  Java,  and  a  report  on  the  botanical  garden  at  Buitenzorg. 

Since  my  transfer  to  this  office  I  have  completed  and  presented  for  publication,  as 
a  bulletin  of  this  bureau,  two  articles:  The  first,  ^'New  or  noteworthy  Philippine 
plants"  consisting  of  descriptions  of  some  new  species,  notes  of  nomenclature,  etc.; 
the  second,  "The  American  element  in  the  Philippine  flora,"  consisting  of  an 
enumeration,  and  a  discussion  of  the  many  plant  species  of  American  origin  now 
known  to  grow  in  the  Philippines. 

Work  on  a  dictionary  of  the  native  plant  names,  commenced  some  months  ago, 
while  I  was  in  the  bureau  of  agriculture,  has  been  continued,  and  at  the  present 
time  the  manuscript  is  nearly  ready  for  publication. 

MISCEJLLANEOUS   WOKK. 

During  the  past  two  months,  considerable  botanical  work  has  been  done  for  the 
Philippine  exposition  board  in  identifying  material,  correcting  manuscripts  referring 
to  botany,  agriculture,  and  forestry,  and  in  preparing  a  chapter  on  "botany"  for  a 
publication  of  the  exposition  board,  entitled  "A  description  of  the  Philippines," 
and  also  a  list  of  Philippine  timber  trees  for  the  same  work. 

For  this  bureau  work  has  been  done  on  the  identification  of  the  gutta-percha  and 
india-rubber  producing  plants  found  in  the  archipelago,  and  also  many  identifications 
of  tan  barks,  dye  woods,  gums,  resins,  etc.,  much  of  the  latter  work  being  in  the 
interests  of  the  forestry  bureau  and  the  exposition  board. 

For  the  forestry  bureau  reports  on  collections  have  been  submitted  as  they  have 
been  received.  The  species  have  been  identified  so  far  as  possible  to  name  them 
from  the  material  subfnitted. 

THE   NECESSITY   FOR   ESTABLISHING    A    BOTANICAL   GARDEN   OR   A   SIMILAR   INSTITUTION. 

To  meet  with  the  greatest  amount  of  success  in  office  and  laboratory  work  the 
early  estabhshment  of  that  essential  adjunct,  a  botanical  or  experimental  garden,  is 
most  important.  For  systematic  botanical  work  such  an  institution  is  essential,  as 
it  gives  us  an  opportunity  to  collect  material,  buds,  flowers,  and  fruits  from  the  same 
plant  in  all  stages  of  development,  and  accordingly  enables  us  to  draw  up  complete 
descriptions.  In  an  ordinary  field  trip  it  is,  in  the  majority  of  cases,  impossible  to 
collect  complete  material,  for  the  reason  that  comparatively  few  plants  bear  flowers 
and  ripe  fruit  at  the  same  time,  and  on  trips  extending  over  a  short  period  it  is 
impossible  to  spare  the  time  necessary  to  allow  one  or  the  other  to  develop.  For 
w^ork  in  morphology  and  embryology  it  is  absolutely  essential  that  the  species  on 
which  work  is  being  done  be  accessible  to  the  worker,  in  order  that  he  may  prepare 
his  material  covering  all  stages  of  development  of  the  plant.  The  laboratory  work 
on  dyes,  tans,  medicinal  plants,  gums,  etc.,  is  directly  dependent  on  authentically 
named  material,  and  this  material  can  best  be  secured  by  cultivating  a  sufficient 
number  of  specimens  of  each  species  to  supply  material  for  laboratory  work.  Care- 
ful and  long-continued  investigations  on  gutta-percha  trees,  rubber  trees,  etc.,  can 
only  be  carried  out  where  the  growing  trees  are  available,  and  in  such  a  garden  all 
the  species  procurable  should  be  cultivated.  Economic  plants  from  the  Tropics  of 
the  world  should  be  cultivated,  with  a  view  to  their  possible  introduction. 

The  proper  location  of  such  an  institution  is  most  important.  That  it  should  be 
readily  accessible  from  Manila  is  essential,  and  yet  at  the  same  time  it  must  be 
located  considerably  above  the  sea  level  and  preferably  in  a  hilly  country  where  the 
soil  IS  fairly  rich,  and  where  rainfall  is  abundant  and  fairly  well  distributed  through 
the  year;  moreover,  sufficient  water  for  irrigation  purposes  must  be  available. 

The  station  for  forest  investigations  about  to  be  established  by  the  chief  of  the 
forestry  bureau  at  Lamao  River,  Mount  Mariveles,  is  admirably  adapted  for  that 
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])urpose,  but  is  not  siiital)le  as  a  botanical  experimental  garden  on  aceonnt  of  its 
inaccessil)ility.  The  })resent  condition  of  the  so-called  botanical  garden  in  Manila,  is 
l)roof  that  we  can  not  hope  to  establish  a  snccessfnl  institution  of  this  kind  in  the 
inmiediate  vicinity  of  the  city,  and  accordingly  it  is  recoininended  that  the  region 
about  Antipolo,  province  of  Kizal,  be  thoroughly  investigated,  with  a  view  to  estab- 
lishing an  experimental  garden  at  this  place.  Jt  is  believed  that  this  location,  all 
things  considered,  is  the  best  that  can  be  found,  and,  moreover,  within  a  few  months, 
when  the  railroad  is  completed  to  that  point,  will  be  readily  accessible  from  Manila. 


Exhibit  D. 


REPORT   OF    MR.    CHARLES  S.  BANKS,   ENTOMOLOGIST,  FOR  THE  YEAR  ENDING 

AUGUST  31.  1903. 

I  assumed  the  duties  of  this  office  on  the  9th  of  December,  1902,  and  began  at  once 
a  preparation  of  library  and  apparatus  lists  to  be  sent  abroad  for  obtaining  the 
material  necessary  for  the  prosecution  of  entomological  investigations. 

On  the  27th  of  December  I  started  for  Negros,  by  order  of  the  superintendent  of 
government  laboratories,  to  take  up  the  investigation  of  insects  affecting  the  cacao 
plant.  Much  of  the  material  necessary  for  the  work  of  collecting  and  studying 
insects  w'as  drawn  from  a  small  supply  which  I  had  brought  from  the  United  States; 
such  other  material  as  was  obtainable  in  Manila,  including  photograpliic  plates  and 
certain  instruments  and  tools  for  use  in  the  plantations,  Avas  also  carried  with  me. 

My  work  in  Negros  covered  a  period  of  about  twelve  weeks  of  active  field  investi- 
gation and  collecting  of  material.  Through  the  courtesy  of  a  Filipino  friend  with 
whom  I  had  lived  for  a  little  more  than  a  year,  I  was  enabled  to  make  my  head- 
quarters within  very  easy  reach  of  his  large  cacao  orchard,  where  I  had  every  oppor- 
tunity to  study  the  trees,  and  the  insects  affecting  them,  under  the  most  favorable 
conditions  ])ossible. 

From  this  place  as  a  base  I  w^as  enabled  to  visit  many  of  the  surrounding  towns  to 
study  conditions  of  cacao  culture  and  the  prevalence  of  insect  pests.  The  following 
places,  in  addition  to  Nakalang,  the  place  where  I  worked,  were  visited,  viz: 
Hacienda  Prudencia,  Makakati,  Las  Delicias,  Murcia,  La  Carlota,  Pontavedra,  Haci- 
enda Concordia,  San  Carlos,  Hacienda  San  Vicente,  and  Valle  Hermoso. 

All  the  work  of  developing  photographs  and  the  rearrangement  and  packing  of 
material  was  done  at  the  Hacienda  Louisiana,  the  home  of  Seiior  Don  Juan  A.  Aran  eta, 
to  whose  aid  I  owe  much  of  the  success  of  my  work. 

My  work  at  Nakalang  included  the  collection  of  all  insect  and  myriapod  life  found 
in  connection  with  the  cacao,  whether  known  to  be  harmful  or  not.  In  addition  to 
this,  biologic  and  ecologic  studies  were  made  with  those  insects  for  the  study  of 
which  the  season  presented  the  most  favorable  opportunites. 

More  than  one  hundred  species  were  found  upon  the  cacao,  either  as  injurious, 
beneficial,  or  neutral  forms.  Of  these,  only  the  most  important  have  been  treated  in 
my  report. 

In  addition  to  the  collection  of  about  3,000  specimens  from  the  cacao,  a  large 
amount  of  general  material  was  gathered  by  myself  and  my  helpers,  and  the  total 
number  of  specimens  thus  added  to  the  collection  will  be  about  8,000. 

The  principal  results  of  the  work  in  Negros  have  been  a  more  thorough  knowledge 
of  the  forms  of  insects  attacking  the  cacao  and  a  better  understanding  of  the  best 
methods  of  preventing  or  combating  their  ravages. 

The  locust  pest  has  been  reported  from  many  provinces,  including  Tayabas,  Abra, 
Lepanto-Bontoc,  Rizal,  Capiz,  Negros  Occidental  and  Negros  Oriental,  Laguna, 
Batangas,  and  has  probably  been  prevalent  to  a  greater  or  less  degree  in  every  other 
province  in  the  archipelago. 

As  yet  the  locust  fungus  can  not  be  said  to  be  effectual  against  the  hordes  found 
here.  On  the  6th  of  May  I  w^ent  to  the  province  of  Abra,  where  it  was  claimed  that 
the  locusts  were  doing  great  damage.  A  two- weeks  trial  with  the  fungus  resulted 
negatively  as  far  as  its  efficacy  with  swarms  of  locusts  was  concerned.  Other  experi- 
ments carried  on  by  the  board  of  health  and  by  individuals  have  given  practically 
the  same  results.  I  shall,  however,  take  up  this  subject  at  the  earliest  moment  and 
by  careful  experiments  in  breeding  and  a  study  of  the  anatomy,  physiology,  and 
biology  of  the  insects  determine  if  the  fungus  can  not  be  made  effective  upon  them, 
not  only  as  individuals,  but  by  producing  an  infection  which  will  become  enzootic,  or 
at  least  contagious,  over  more  than  one  generation.  As  far  as  Philippine  locusts  are 
concerned,  nothing  is  yet  known  of  the  pathologic  effects  of  the  fungus.     We  know 
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that  in  the  laboratory  they  have  died  within  a  reasonably  short  time  after  ino(nila- 
tion  when  a  certain  degree  of  hunjidity  was  maintained,  but  that  is  all.« 

Requests  have  come  to  nie  for  the  determinations  of  mosquitoes,  flies,  and  a  few 
other  insects  during  the  period  since  I  began  work.  These  requests  have  l)een  com- 
plied with  as  far  as  the  literature  and  identified  material  at  hand  would  permit. 
Very  little  general  classification  has  been  attempted  thus  far,  owing  to  the  lack  of 
literature,  but  when  the  large  order  of  books  which  have  been  sent  for  arrives,  more 
work  along  this  line  will  he  done.  Already  there  has  accumulated  a  large  amount 
of  material  which,  when  properly  mounted  and  classified,  will  form  a  imcleus  for  a 
very  res|)ectable  collection.  As  yet  the  inauguration  of  entomological  w-ork  has  not 
become  generally  known  in  the  provinces,  but  I  have  no  doubt  tliat  as  soon  as  farm- 
ers realize  that  they  have  a  place  where  they  may  send  material  for  identification 
they  will  avail  themselves  of  the  services  of  the  entomologist  for  this  work,  and  we 
will  thereby  become  familiar  with  conditions  as  they  exist  throughout  the  islands. 

Early  in  June,  Mr.  J.  L.  Webb  came  to  this  laboratory  as  assistant  entomologist. 
He  was  designated  to  study  the  forest  insects  of  tlie  islands,  and  during  his  investiga- 
tions collected  a  considerable  amount  of  material,  wdiich  wdll  be  worked  up  at  the 
earliest  moment.  Owing  to  ill  health  he  resigned  his  position  on  the  last  of  this 
month  to  return  to  America,  having  worked  a  little  more  than  two  months  and  a 
half. 

In  the  new  temporary  quarters  of  the  biological  laboratory  facilities  have  been 
provided  for  the  entomological  work  and  for  storing  the  collections  until  the  new 
laboratory  building  is  completed,  w^here  ample  quarters  have  been  appointed  for  the 
entomologist  and  his  staff,  which  is  to  be  augmented  as  needs  require. 

Many  friends  in  Manila,  a  list  of  whom  is  given  elsewhere,  have  donated  useful 
material  to  the  collection,  but  owing  to  pressure  of  other  work  the  entomologist  has 
had  no  time  to  give  to  field  excursions  around  the  city.  It  is  hoped  soon  to  get  a 
representative  collection  of  all  insects  found  in  the  vicinity  of  Manila. 

The  collections  planned  may  be  divided  into  three  classes:  (a)  Biologic  collection, 
giving  the  stages  and  work  of  economic  forms;  (b)  systematic  collection,  having  as 
its  ultimate  end  the  classification  of  all  insects  of  the  Philippines;  (c)  display  col- 
lection, intended  for  public  exhibition  in  the  new  building,  where  a  suitable  i)lace 
will  be  provided.  At  present  most  of  the  material  is  in  vials  and  in  Schmidt  insect 
boxes  made  in  Manila. 

A  list  of  the  most  important  books  on  Philippine  and  general  entomology  will 
soon  be  added  to  the  entomological  laboratory,  and  a  number  of  periodicals  have 
been  placed  upon  our  subscription  list.  Among  the  most  notew^orthy  are  a  complete 
set  of  the  publications  of  the  Entomological  Society  of  London,  Catalogues  of  Insects 
in  the  British  Museum,  Insect  Life  Complete,  Fauna  of  British  India,  Coccida^  of 
Ceylon,  Rhopalocera  Nihonica,  Rhopalocera  Malayana,  Hemiptera  Insularum  Phil- 
ippinarum.  It  is  hoped  to  build  up  an  entomological  library  wdiich  will  not  be  sur- 
passed in  the  East  as  an  aid  to  entomological  students  of  this  part  of  tlie  world.  So 
far  the  entomologist  has  depended  almost  entirely  upon  his  private  library  for  data 
and  the  classification  of  material  brought  in. 

The  insect  fauna  of  these  islands  is  closely  related  to  that  of  Java,  Australia, 
Borneo,  Sumatra,  Celebes,  and,  possibly  in  some  orders,  to  India  and  eastern  Asia. 

As  comparatively  little  work  has  thus  far  been  done  on  Philippine  entomology 
there  is  open  for  this  department  a  new  and  virgin  field,  but  the  time  will  eventually 
come  when  material  will  have  to  be  taken  to  Singapore,  Java,  or  Europe  for  identifi- 
cation because  of  the  impossibility  of  identifving  a  great  deal  of  it  without  access  to 
types. 

The  advisability  of  giving  serious  attention  to  the  offer  of  Mr.  Georg  Semper,  of 
Altona,  (Germany,  to  sell  his  fine  collection  of  Lepidoptera  of  the  Philii)pine8, 
together  with  his  author's  copy  of  his  book  in  thirteen  volumes  on  the  butterflies 
and  moths  of  the  Philip])nies,  is  here  urged  most  earnestlv  because  of  the  great  value 
which  such  a  collection  would  have,  containing  as  it  does  1,400  distinct  si)ecies,  of 
which  340  are  types.  As  this  collection  is  of  inestimable  value  to  entomologists  here 
it  should  find  a  permanent  place  in  a  museum  of  the  Philippine  Islands  instead  of 
in  Europe. 

The  laboratory  insectary  is  yet  in  its  infam^y,  but  when  permanent  quarters  are 
secured  the  rearing  of  economic  forms  of  insects  will  be  given  considerable  attention 
and  proper  facilities  will  be  planned  for  rearing  plants  and  the  insects  which  infest 
them. 


«  Results  from  the  fungus  this  year  are  much  less  satisfactory  than  those  obtained 
during  the  preceding  one.  The  reason  for  this  it  is  difi^icult  to  give  at  present,  as 
even  new  fungus  obtained  from  Africa  did  not  behave  differently.  The  weather 
conditions  apparently  have  much  to'do  with  the  results. 
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The  entomologist  is  at  present  working  upon  a  bibliography  of  Philippine  ento- 
mology and  that  of  the  adjacent  countries,  with  a  view  to  aiding  those  who  wish  to 
refer  to  any  special  subject  treated  by  writers  on  oriental  entomology.  He  is  also 
preparing  an  index  to  C.  StiiPs  valuable  work,  '^Hemiptera  InsulaVum  Philippi- 
narum,*'  the  purpose  of  w^hich  is  to  render  this  work  more  useful  and  accessible  to 
investigators. 

In  planning  the  work  for  the  coming  year,  it  is  proposed  to  give  some  attention 
to  the  flies  and  mosquitoes  of  Manila  and  vicinity,  with  a  view  to  determining  their 
relation  to  disease  both  of  man  and  animals.  It  is  also  planned  to  inaugurate  a  sys- 
tem of  tield  observers  in  the  various  provinces,  enlisting  therein  the  cooperation  of 
the  American  school  teachers,  hacienderos,  and  others  interested  in  the  subiect  of 
agriculture  in  the  Philippines. 

Data  are  being  collected  for  a  bulletin  on  household  insects  and  those  injurious  to 
commercial  products  in  the  Philippines. 

The  entomologist  has  been  requested  by  the  Philippine  exposition  board  for  the 
St.  Louis  Exposition,  through  the  chief  of  the  bureau  of  government  laboratories,  to 
prepare  an  exhibit  for  the  Louisiana  Purchase  Exposition  at  St.  Louis  in  1904,  and 
steps  have  already  been  taken  for  its  preparation.  Cases  and  all  necessary  material 
will  be  supplied  by  the  board,  but  in  order  to  carry  this  work  to  a  successful 
termination  it  will  be  necessary  to  enlist  the  aid  of  collectors  in  all  parts  of  the 
archipelago  by  paying  for  the  material  furnished  by  them. 

The  entomologist  wishes  to  acknowledge  his  obligations  to  Dr.  L.  0.  Howard, 
United  States  entomologist  at  Washington;  Prof.  J.  H.  Comstock,  of  Cornell;  Mr. 
Charles  P.  Lounsbury,  Government  entomologist,  of  the  Cape  of  Good  Hope;  Dr. 
A.  D.  Hopkins,  of  the  United  States  Department  of  Agriculture;  Dr.  James  Fletcher, 
Dominion  entomologist  of  Canada,  and  Mr.  C.  P.  Gillette,  entomologist  of  the 
Colorado  Experiment  Station,  for  their  kind  offers  to  identify  material  from  the 
Philippines. 

Insecta  received  December  9,  190^^  to  August  27 y  1903. 


Speci- 
mens. 


Sr.  Juan  A.  Araneta,  Maao,  Negros  Occidental: 

Lepidoptera  (224  larvae,  12  pupae,  Noctua) 

Hymenoptera 

Coleoptera 

Hemiptera 

Diptera 

Odonata 

Orthoptera 

Frank  J.  Dunleavy,  Cotabato,  Mindanao: 

Coleoptera ...  * 

Orthoptera 

Chilognatha 

Arachnida 

Vermes 

J.  J.  Eaton,  Manila: 

Lepidoptera 

Orthoptera 

Hemiptera 

Thysanura 

Coleoptera 

Hymenoptera 

Isoptera. 

Arachnida 

Sr.  Manuel  Gaspar,  Manila:  Bruchusfabae  (in  white  beans) 

Sra.  R.  de  Gaspar,  Manila:  Hemiptera  Coccidse  (several  specimens  on  rose). 
Juan  De  Guzman,  Manila: 

Lepidoptera 

Hemiptera  Coccidse 

Coleoptera 

Odonata 

Heteroptera 

Hymenoptera 

A.  R.  Hager,  Manila:  Hemiptera 

C.  E.  Kelbaugh,  Manila:  Lepidoptera  (larvse) 

E.  L,  Munson,  Cavite:  Diptera,  Culexfatigans  (many  specimens). 
Governor  W.  F.  Pack,  Sablaan.  Benguet:  Coleoptera,  Kpieauta  (on  potato)  . 

Miss  Mary  Polk,  Manila:  Lepidoptera 

G.  E,  Sanford,  Manila:  Diptera 

Dr.  P.  L.  Sherman,  Mindanao:  Arachnida,  Tarantula 

P.  L.  Stangl,  Manila: 

Lepidoptera 

Orthoptera 

Hemiptera 

Coleoptera 


4 

5 
3 
7 
2 
15 
2 
180 


180 
19 


Species. 


26 
3 
2 
2 
8 
1 
1 

6 
2 
1 
1 
1 

3 
3 
3 
1 
3 
2 
1 
2 


12 
2 
1 
2 
1 
1 
1 
1 
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Insects  received  December  9,  1902,  to  August  27 y  J ^Af— Continued. 


P.  L.  standi,  Manila — Continued. 

Hymenoptera 

Scorpiona 

Chilognatha 

Isoptera 

Acarina 

Wm.  B.  Wherry,  Manila: 

Coleoptera,  Lasioderma  serricorme  (in  tobacco) . 

Diptera,  Stegomyiafasciata  (on  clottiing) 

Diptera,  Muscidse,  all  stages  in  culture  media . . 

F.  H.  Willyoung,  Manila,  Orthoptera 

P.  G.Woolley,  Manila: 

Hymenoptera,  Sphecidse 

Hemiptera 

Lepidoptera 


Speci- 
mens. 


3 
1 
1 
Several. 
1 

3 

7 


Species. 


A  Preliminary  Report  on  Insects  op  the  Cacao,  Prepared  Especially  for  the 
Benefit  of  Farmers.     By  Charles  S.  Banks. 

Up  to  the  present  time,  so  far  as  search  has  revealed,  very  little  has  been  published 
upon  the  subject  of  economic  entomology  in  the  Philippine  Islands.  In  the  several 
admirable  works  on  the  entomology  of  the  Archipelago  we  find  not  only  that  the 
economic  side  has  been  entirely  neglected,  but  also  that  the  same  thing  is  true  from 
the  biologic  standpoint.  The  only  attempts  made  in  the  past  have  been  to  determine 
the  names  of  specimens,  in  most  cases  collected  by  one  man  and  classified  by  others. 
For  even  the  most  common  species  of  insects  few  or  no  data  are  given  regarding  their 
habits,  life,  history,  or  relative  abundance  at  certain  periods  of  the  year  or  in  stated 
localities. 

In  preparing  this  brief  preliminary  report  on  the  insects  of  the  cacao  I  realize  that 
I  am  but  hinting  at  some  of  the  more  important  pests  that  have  been  encountered 
during  a  comparatively  short  period  of  the  year,  so  that  all  the  conditions  as  they 
would  occur  consecutively  during  the  course  of  twelve  months,  and  undoubtedly 
changing  slightly  with  each  succeeding  year,  are  not  now  noted,  nor  are  all  the  sub- 
jects mentioned  treated  exhaustively,  the  object  being  at  the  present  time  only  to  set 
forth  as  clearly  as  possible  some  of  the  most  common  and  more  destructive  insects, 
with  practical  suggestions  for  the  prevention  or  treatment  of  their  ravages.  At  the 
same  time  it  is  proposed  to  mention  a  few  of  those  insects  which,  because  of  their 
predatory  habits  in  feeding  upon  the  injurious  forms,  should  be  considered  as  bene- 
ficial to  the  farmer. 

Perhaps  one  of  the  most  valuable  crops  produced  in  the  Philippine  Islands  in  pro- 
portion to  the  quantity  raised  is  the  cacao  bean,  the  product  of  a  tree  of  the  family 
Sterculiacese  and  botanically  known  as  Theobroma  cacao.  The  tree  averages  from  4 
to  12  meters  in  height,  and,  as  grown  in  these  islands,  usually  assumes  a  somewhat 
oval  form  in  its  mode  of  branching,  like  the  pear  tree  of  the  United  States. 

Like  nearly  all  other  plants,  when  brought  into  cultivation,  it  is  subject  to  many 
diseases  and  the  attacks  of  a  large  number  of  insects.  This  is  more  or  less  true  in  all 
parts  of  the  world  where  it  is  grown — in  Venezuela,  Trinidad,  Java,  and  particularly, 
it  would  seem,  in  the  Philippines. 

In  this  bulletin  some  of  the  injurious  forms  of  insects  will  be  mentioned,  together 
with  what  has  been  learned  of  their  life  histories  up  to  the  present  time. 

As  it  is  very  necessary  to  know  the  most  susceptible  stage  of  an  insect's  life  in 
order  to  know  what  is  the  most  effective  remedv  to  apply  to  it,  we  can  readily  see 
the  necessity  for  becoming  familiar  with  its  life  nistory. 

It  is  hoped  that  further  observations  will  enable  the  writer  to  treat  the  subject  more 
exhaustively  at  a  future  time. 

In  suggesting  remedies  those  are  given  which  have  been  found  most  effectual  for 
similar  pests  in  the  United  States,  but  the  effort  has  been  made  to  so  modify  them  as 
to  make  them  fit  local  conditions. 

For  convenience,  the  subject  has  been  divided  according  to  the  part  of  the  plant 
attacked.  Thus,  beginning  with  the  roots,  we  will,  in  order,  discuss  the  insects  of 
every  part  of  the  tree,  giving  their  habits  and  mentioning  the  best  means  to  be  used 
against  them. 

insects  attacking  roots. 

The  principal  insects  at  present  known  to  attack  the  roots  are  a  species  of  large, 
black,  stinging  ant,  a  species  of  Cicada,  and  a  grub  of  a  beetle  belonging  to  the  genus 
Anomala^  but  not  yet  identified. 
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The  ants  are  black  and  are  characterized  by  the  ability  to  inflict  a  very  severe  sting. 
The  abdomen  is  constricted  between  the  first  and  second  segments,  the  iirst  segment 
having  two  backward-pointing  spines  on  the  upper  part.  The  head,  thorax,  and  first 
and  second  abdominal  segments  are  beautifully  corrugated.  The  legs  and  antenme 
or  feelers  are  very  long.  The  light-brown  cocoons,  made  of  a  silk  paper,  are  usually 
very  abundant  in  the  nests,  which  are  located  at  the  base  of  the  tree  among  the  larger 
roots.  Within  these  cocoons  may  be  found  the  white  grubs,  which  are  shaped  very 
nmch  like  a  long-necked  gourd,  the  head  being  at  the  smaller  end.  (See  tig.  146c. ) 
The  larvae  or  grubs,  before  spinning  their  cocoon,  and  the  eggs  are  simply  deposited 
by  the  workers  in  any  convenient  part  of  the  nest.  The  adults  are  the  only  injurious 
forms  of  these  insects.  They  gnaw  the  bark  from  the  large  roots,  thus  inviting  decay, 
and  making  an  opening  for  the  entrance  of  the  insidious  white  ant,  another  very 
serious  enemy  of  the  cacao,  belonging  to  the  genus  Termes.  This  insect  is  called  anay 
in  Visayan  and  Tagalog,  and  is  probably  the  most  serious  insect  pest  in  the  Philip- 
pines, destroying,  as  it  does,  nearly  every  conceivable  class  of  material  except  articles 
made  of  metal.  It  has  hitherto  been  supposed  to  attack  only  woods  which  had  been 
previously  cut,  but  in  the  work  of  investigation  of  cacao  insects,  it  has  been  con- 
clusively proven  that  they  also  attack  the  living  tree,  at  least  in  the  case  of  the  cacao. 
(See  fig.  147.) 

In  the  United  States  the  members  of  the  genus  Cicada  are  restricted  to  not  more 
than  five  species.  In  the  Philippines  there  are  several,  some  being  large  and  black 
and  others  gray,  while  still  another  species  is  of  a  very  light  yellowish  green.  A 
singular  thing  about  the  individuals  of  the  genus  is  that  the  males  give  forth  a  stri- 
dent noise,  produced  by  means  of  two  drum-like  organs  on  the  lower  side  of  the  first 
segment  of  the  abdomen.  Unlike  the  members  of  this  genus  in  America  and  Europe, 
which  generally  "sing"  in  the  hottest  days  of  summer,  the  individuals  found  in  the 
Philippines  almost  invariably  reserve  their  serenade  till  the  falling  of  darkness,  when 
their  strident  notes  may  be  heard  on  every  hand,  especially  near  wooded  lands. 

All  observations  thus  far  made  upon  this  interesting  insect  would  lead  me  to  infer 
that  the  habits  and  life  history  are  the  same  in  the  Philippine  Islands  as  in  other 
parts  of  the  world,  particularly  as  in  the  case  of  the  dog-day  cicada  in  the  United 
States. 

Here  the  species  may  be  found  at  all  times,  and  the  insects  are  so  common  as  to 
be  used  as  playthings  by  the  native  children,  who  capture  them  to  make  them 
'*sing."     In  Visayan  they  are  called  "ceriritan'^  and  in  Tagalog  "culiclic." 

The  adult  of  the  species  which  attacks  the  cacao  tree  measures  42  mm.  to  the  tip 
of  the  wings,  which  project  13  mm,  beyond  the  tip  of  the  abdomen.  The  body  is 
robust,  somewhat  conical,  and  is  composed  of  a  series  of  very  regular  segments,  which 
may  be  more  easily  distinguished  on  the  abdomen  than  on  the  thorax.  (See  fig.  148. ) 
The  insect  has  four  very  beautifully  marked  transparent  wings,  the  fore  ones  being 
much  larger  than  the  hind.     The  venation  is  shown  in  ^g.  149. 

When  at  rest  the  insect's  wings  are  laid  over  the  abdomen,  roof  like.  The  cicada 
has  a  swift,  but  erratic  flight.  This  is  due  to  the  lack  of  coordination  between  the 
wing  muscles  of  the  opposite  sides  of  the  body.  By  holding  the  insect  between  the 
thumb  and  the  fore  finger,  so  that  the  wings  are  free  to  move,  it  will  be  seen  that 
the  opposite  pairs  move  alternately. 

The  insects  of  this  genus  pass  through  a  very  remarkable  series  6i  changes  from 
the  egg  to  the  adult  stage.  The  total  duration  of  the  metamorphosis  has  not  yet 
been  determined,  but  it  is  safe  to  estimate  that  in  this  region  the  time  occupied  is 
not  less  than  eighteen  months.  In  America,  one  species  nearly  related  to  this,  lives 
from  thirteen  to  seventeen  years  in  the  ground  before  reaching  maturity,  w^hile 
another  completes  its  transformation  in  two  years. 

The  female  cicada  is  provided  with  a  very  peculiar  ovipositor  or  egg-laying  appa- 
ratus (fig.  150),  by  means  of  which  she  slits  the  twigs  of  young  branches  of  the  cacao. 
Inasmuch  as  the  wood  of  the  cacao  is  comparatively  soft,  she  finds  no  great  difficulty 
in  placing  her  eggs  in  branches  which  are  larger  than  those  ordinarily  found  with 
cicada  eggs  in  the  United  States,  Within  from  four  to  six  weeks  from  the  time  the 
eggs  are  laid,  the  young  hatch.  They  are  tiny  white  creatures  which  resemble  very 
much  the  full-grown  nymph,  except  in  size.  Their  forefeet  are  adapted  for  digging 
in  the  ground,  and  they,  dropping  from  the  twigs,  begin  immediately  to  burrow 
down  to  the  tender  rootlets  of  the  plant,  where  they  settle  and  insert  their  beaks  for 
sucking  the  juices  of  the  roots.  Fig.  151a  shows  the  nearly  full-grown  nymph  and 
&g,  152  shows  its  forefoot.  The  larva  or  nymph  forms  a  dirt  cell  around  the  spot 
where  it  decides  to  remain.  This  it  does  with  its  forefeet,  using  them  as  a  mole 
would  and  packing  the  earth  at  the  rear  and  above  it  with  its  other  legs.  Thus  is 
made  a  subterranean  cavity  where  this  little  enemy  of  the  roots  of  the  cacao  may 
live  and  feed. 
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The  mouth  of  tlie  insect  is  of  the  sucking  class,  that  is,  the  various  parts  are  modi- 
fied to  form  a  lancet  for  piercing  the  epidermis  of  the  plant  upon  which  it  feeds,  and 
a  tube-like  structure  through  which  the  sap  is  drawn  up  into  the  mouth  cavity, 
whence  it  is  conveyed  to  the  stomach. 

When  very  young  the  larvae  may  be  found  not  more  than  10  or  12  cm.  below  the 
surface  of  the  ground,  but  as  they  grow  larger  they  gradually  work  their  way  down- 
ward. In  some  cacao  trees  they  have  been  found  as  deep  as  80  cm.  below  the  sur- 
face, clinging  tenaciously  to  the  roots  by  their  beaks  and  their  legs.  They  are  not 
at  all  able  to  defend  themselves,  nor  to  escape  from  any  kind  of  enemy  which  might 
come  upon  them. 

These  insects  do  not  change  their  form  to  a  very  marked  degree  in  passing'from 
the  young  larva3  to  the  pupa  and  the  adult  stages,  as  do  butterflies,  beetles,  and  flies. 
Just  previous,  however,  to  their  assuming  the  adult  form,  there  appear  tiny  wing 
pads  on  the  sides,  and  within  these  are  the  wings  in  embryo.  These  pads  appear  in 
the  second  molt  previous  to  the  adult  stage.  (See  fig.  151,  which  shows  the  wing 
pads  lapping  back  upon  the  abdomen. ) 

When  the  insect  is  ready  to  assume  its  final  or  winged  form  it  comes  up  out  of  the 
ground,  leaving  a  tunnel  behind,  which  may  often  be  found  when  digging  out  trees. 
These  tunnels  are  sometimes  partitioned  off  and  used  as  a  nest  by  a  certain  species  of 
small  tarantula,  which  will  be  mentioned  below. 

Upon  reaching  the  surface  of  the  ground,  the  pupa  of  the  cicada  climbs  to  some  con- 
venient place,  usually  the  trunk  of  the  cacao  tree  or  the  small  scions  which  spring  up 
around  the  parent  tree,  and  there  it  clings,  awaiting  the  final  change,  which  consists 
in  the  bursting  of  the  pupal  skin  and  the  emerging  of  the  adult  insect.  This  takes 
place  as  follows :  The  skin  of  the  pupa  splits  longitudinally  on  the  back,  from  be- 
tween the  eyes  to  the  posterior  edge  of  the  thorax.  The  insect  within  this  shell  be- 
gins a  forward  wriggling  motion  and  soon  the  head  is  free  from  the  casing.  The 
forelegs,  which  in  the  larval  and  pupal  stages  are  much  shortened  hooked  claws, 
come  forth  from  the  pupal  case,  long,  slender  and  fitted  for  walking  instead  of  dig- 
ging. The  insect  grasps  some  projecting  point  upon  the  bark  where  it  is  resting 
with  these  yet  feeble  claws,  and  thus  is  aided  in  his  exit.  The  second  pair  of  legs 
soon  come  forth;  then  the  wings,  which  are  doubled  up  very  much  and  are  very  soft, 
are  drawn  out  from  the  shell.  At  this  stage  the  animal  rests  a  while,  apparently 
nearly  exhausted.  When  it  has  thus  rested  the  insect  makes  its  final  attempt  and 
the  hind  legs  are  withdrawn.  It  now  simply  remains  upon  the  tree,  and  the  doubled 
and  delicate  wings  begin  to  expand  until  they  have  reached  the  tip  of  the  abdomen. 
This  expansion  continues  till  they  have  reached  their  full  length.  They  are  now 
very  thm,  of  a  beautiful  translucence  and  very  soft,  so  that  the  least  breeze  causes 
their  fluttering.  The  body  of  the  insect  is  also  very  soft  and  may  be  easily  crushed. 
It  is  of  a  very  pale,  pinkish  color,  but  soon  turns  gray  (evidently  owing  to  the  action 
of  the  sunlight),  all  the  characteristic  markings  coming  out  upon  its  surface.  Within 
an  hour,  seldom  less,  the  insect  begins  to  move  its  wings  as  if  testing  them,  and  now 
the  slightest  movement  on  the  part  of  the  observer  will  cause  it  to  quickly  take  wing, 
giving  a  short  chcking  sound  as  it  flies  away.  If  the  insect  be  a  male,  it  at  once 
makes  its  characteristic  *'creet,"  a  noise  familiar  to  all,  as  it  starts  to  fly.  If  it  be 
a  female,  it  remains  in  silence.  It  is  not  definitely  known  how  long  a  period  elapses 
from  the  emergence  of  the  insect  from  the  ground,  until  it  mates  and  begins  the  work 
of  laying  its  eggs.     Further  observations  will  be  necessary  to  determine  this. 

The  principal  injury  to  the  cacao  from  these  insects  consists  in  the  lacerating  of 
the  young  wood  by  the  females  in  placing  their  eggs  and  in  the  damage  done  by  the 
larvae  and  pupae  to  the  tender  rootlets.  The  former  not  only  debilitates  the  tree 
from  the  mechanical  injury,  but  also  opens  a  path  b}^  which  other  injurious  insects 
may  enter  the  tree  to  do  their  damage.  This  is  no  inconsiderable  feature  of  their 
harm,  especially  when  they  attack  the  larger  twigs  and  stems,  because  it  is  more 
frequently  upon  the  larger  stems  that  Scolytids,  Cerambycids,  and  other  beetles  do 
their  work. 

When  50  or  more  of  the  larvae  attack  the  young  roots  and  rootlets,  the  principal 
food-getting  organs  of  the  tree,  they  not  only  use  up  the  moisture  which  the  roots 
have  already  taken  up,  but  they  likewise  so  mutilate  and  debilitate  the  latter  as  to' 
impair  the  functions  of  moisture  gathering.  Of  the  several  cacao  trees  which  the 
writer  dug  up  none  were  more  than  5  m.  high,  and  in  no  case  did  their  roots  extend 
more  than  95  cm.  below  the  ground  surface,  and  as  the  pupee  of  cicada  were  found 
as  low  as  80  cm.  it  can  be  readily  seen  that  they  command  practically  the  whole  of 
the  root  area. 

In  the  matter  of  combating  these  insects  several  methods  suggest  themselves. 
As  it  is  practically  impossible  in  a  large  plantation  to  use  preventive  measures 
entirely,  those  means  which  also  look  to  the  extermination  of  the  already  estab- 
lished pests  must  be  used. 
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The  pupffi,  when  emerging  from  their  gronnd  retreats,  are  (entirely  lielplesR,  and 
they,  as  well  as  thenewly  transformed  adults,  areeasilycaptnreduponthedaily  visits  to 
all  the  trees  by  the  watchman  and  workers  in  charge.  This  (;onld  very  easily  be 
done  by  children,  who  seem  pai^ticularly  expert  in  capturing  tbeinsei*ts,  wliich  they 
like  to  make  "sing.  "  Even  the  fulJ-tledged  adults  of  several  days  may  l)e  captured 
upon  the  trees  at  dusk,  when  the  males  begin  their  concerts  and  tlie  feuiales  are 
close  by  to  listen.  Occasionally  during  midday  the  insects  may  be  caught  upon  the 
tree  trunks,  but  are  more  wary  and  harder  to  capture. 

Certain  species  of  birds  are  known  to  be  enemies  of  the  cicada,  at  leastintlie  island 
of  Negros.  Repeatedly,  the  writer,  when  in  the  cacao  plantations,  has  heard  the 
uneasy  "creet"  of  the  cicada,  and  following  with  liis  eye  the  direction  of  the  sound, 
has  seen  a  bird  carrying  of  the  insect.  The  species  could  not  be  asi^ertained,  l>ut 
from  its  general  size  and  form  it  undoubtedly  belonged  to  the  shrikes  or  Lanndif. 
This  should  lead  the  grower  to  carefully  protect  all  l)irds  which  have  the  incHnation 
to  visit  or  live  in  the  plantations  of  cacao,  as  being  beneticial,  not  only  in  the 
destruction  of  the  cicadas,  but  also  in  ridding  the  trees  of  other  injurious  inset^tslike 
scale  insects,  mealy  bugs,  and  caterpillars  of  various  species. 

If  the  insects  are  captured  upon  emerging  they  will  have  no  opportunity  to  lay 
their  eggs,  but  as  this  can  not  be  done  in  all  cases,  a  close  daily  survey  of  the  trees 
at  the  time  when  the  cicades  are  beginning  to  be  numerous,  will  reveal  the  work 
which  they  do  on  the  twigs.  The  characteristic  appearance  of  the  twigs  after  eggs 
have  been  dex>osited  in  them  is  shoAvn  in  fig.  153.  It  was  claimed  a  nund)er  of 
years  ago  that  the  cicada  only  deposits  her  eggs  in  dead  twigs,  but  observation  has 
since  proven  that  this  is  not  the  case,  she  invariably  choosing  live  wood  for  this 
purpose.  The  short  time  during  which  the  eggs  remain  in  the  slit  would  not  be 
sufficient  for  the  growth  to  crush  them,  and  moreover,  the  growtli  of  a  twig  which 
has  been  lacerated  by  the  ovipositor  of  the  cicada  is  away  from  the  wound,  causing 
the  latter  to  gape  within  a  year  from  its  laceration,  as  shown  in  jig.  154.  If  these 
twigs  are  carefully  removed  l)y  means  of  a  very  sliarp  knife,  and  if  they  are  after- 
wards destroyed  by  burning,  while  the  eggs  are  yet  unhatched,  nuich  can  be  done 
to  lesson  the  number  of  cicadas  attacking  the  trees. 

If  a  twig  into  which  eggs  have  been  newly  laid  be  examined  by  cutting  it  open 
longitudinally,  the  white  eggs  will  be  found  arranged  very  regularly  in  the  cavities 
which  have  been  made  to  receive  them.  If  the  eggs  have  recently  hatched,  their 
transparent  and  shriveled  shells  will  be  all  that  can  be  found.  After  a  few  days 
these  shells  will  have  disappeared,  being  eaten  by  the  numerous  ants  which  con- 
stantly swarm  on  all  parts  of  the  tree.  It  may  be  that  occasionally  the  eggs  are 
found  by  the  little  red  ants  and  eaten  before  they  are  hatched,  but  as  the  fihers  of 
wood  left  by  the  boring  of  the  female  cicada  pretty  effectually  close  the  cavities,  this 
is  not  probable. 

During  the  months  from  January  to  April,  1903,  all  sizes  of  larvae  and  the  pup^e 
were  found  when  cacao  trees  were  dug  out.  During  this  same  period  the  adults  were 
fairly  abundant,  as  were  the  cast  skins  of  the  x>upfe  on  the  trees.  It  is  therefore 
probable  that  the  period  of  greater  abundance  of  the  adults  is  during  the  latter  ])art 
of  the  year,  probably  in  October  and  November. 

The  question  of  the  killing  of  larvse  after  they  have  once  entered  the  ground  is  a  most 
difficult  and  serious  one.  There  are  few  substances  wdiich  have  sufficient  pene- 
trating power  to  enter  the  soil  and  be  (effectual  against  tlie  larvtJe  w^ithout  endanger- 
ing the  young  roots  of  the  trees.  Probably  one  of  the  most  useful  of  these  is  carbon 
bisulphide,  an  extremely  volatile  transparent  liquid,  resembling  highly  refined  petro- 
leum, but  having,  when  not  pure,  an  extremiely  disagreeable  odor.  It  is  highly 
inflammable  and  heavier  than  the  air,  and  therefore  sinks  readily  into  holes  or 
crevices  in  the  ground.  Its  extreme  inflammability  renders  great  precaution  neces- 
sary when  handling  it.  It  must  not  be  kept  in  houses  where  lights  are  used,  nor 
must  it  be  left  in  large  quantities  in  bright  sunlight,  and  tlie  vessel  used  to  contain 
it  must  be  capable  of  being  sealed.  The  fumes  of  this  chemical,  while  not  actively 
poisonous  when  breathed  by  human  beings  in  limited  quantities,  are  extremely  dis- 
agreeable and  are  productive  of  headaches.  If  inhaled  for  a  moderate  length  of 
time  they  suffocate.  The  substance  should  be  handled  only  by  those  who  are 
thoroughly  acquainted  beforehand  with  its  properties,  and  then  only  by  those  who 
can  be  trusted  to  carry  out  instructions  (concerning  its  use.  It  should  be  kept  where 
it  can  not  be  reached  by  children,  and  should  be  labeled  "poison."  Glass-stoppered 
bottles,  or  tin  cans  having  best  quality  cork  stoppers  are  the  best  receptacles  for  car- 
bon bisulphide. 

It  is  possible  that  gasoline  or  naphtha  would  in  a  measure  serve  the  same  purpose 
as  carbon  bisulphide,  but  no  experiments  have  yet  been  made  to  verify  this  supposi- 
tion. Neither  of  the  liquids  would  have  the  advantage  of  cheapness  over  carbon 
bisulphide. 
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At  present  the  price  of  this  chemical  in  the  Philippines  is  such  that  the  general 
use  of  it  as  an  insecticide  is  almost  out  of  the  question.  In  the  United  States,  when 
bought  in  larj^e  quantities,  it  may  be  had  for  about  15  cents  per  pound.  By  the 
single  pound  it  costs  about  25  cents  gold.  In  the  drug  stores  of  Manila  it  may  be 
bought  at  75  cents  gold  per  pound,  or  55  cents  gold  in  quantities  of  from  50  to  100 
pounds.  It  is  hoped  that  with  this,  as  with  other  important  insecticides,  some  plan 
may  be  devised  to  enable  the  farmer  here  to  procure  them  at  a  lower  cost. 

The  most  effective  method  for  the  application  of  bisulphide  to  trees  for  the  killing 
of  insects  attacking  the  roots,  and  the  one  which  is  least  dangerous  to  the  tree,  is  as 
follows:  The  trees  may  be  treated  successively  by  one  or  several  men.  An  instru- 
ment should  be  used  by  which  a  hole  50  or  60  cm.  deep  and  2  cm.  in  diameter  may 
be  bored  into  the  earth,  about  half  a  meter  from  the  crown  of  the  tree.  There 
should  be  three  of  these  holes  equidistant  around  each  tree  and  into  each  should  be 
poured  not  more  than  25  c.  c.  of  the  carbon  bisulphide.  The  hole,  after  introducing 
the  liquid,  should  be  immediately  stopped  up  with  wet  earth  or  thick  wet  cloths, 
and  left  in  this  condition  for  several  hours.  The  cloths  can  then  be  taken  away  or 
the  ground  raked  or  leveled  if  earth  only  has  been  used.  These  measures  can  be 
tried  at  any  time,  but  preferably  just  after  a  period  when  a  large  number  of  twigs 
of  the  trees  have  been  found  lacerated  by  the  female  cicadas,  as  in  all  probability 
the  eggs  will  have  been  but  recently  hatched  and  the  larvae  therefore  but  a  short 
distance  below  the  ground. 

When  anay  or  ants  are  found  working  below  the  crown  of  the  tree,  similar  meas- 
ures for  their  extermination  may  be  employed.  A  dampened  canvas  or  other  air- 
tight cloth  may  be  placed  around  the  base  of  the  tree,  in  the  form  of  a  conical  tent 
w4th  broad  base.  Under  this  tent,  after  earth  has  been  packed  around  the  base,  a 
small  quantity,  from  15  to  20  c.  c,  of  carbon  bisulphide  may  be  poured  upon  the  ground 
within  the  tent,  and  the  whole  thus  left  for  half  an  hour.  If  rightly  ai)plied,  this 
remedy  will  kill  all  insects  within  the  inclosed  area  without  doing  damage  to  the 
tree  itself.  The  method  here  described  applies  only  to  trees  which  have  attained 
their  full  growth  and  just  after  the  bearing  season.  With  smaller  ones  a  proportion- 
ately smaller  amount  of  the  bisulphide  should  be  used. 

Not  only  will  the  method  described  for  the  killing  of  the  larvse  and  pupae  of  Cicada 
prove  effectual  for  these  insects,  but  it  will  also  be  equally  so  against  the  white  grubs 
so  commonly  found  among  the  roots  of  the  cacao  tree. 

*  These  white  grubs  are  the  larvse  of  one  of  the  Lamellicorn  beetles  and  probably 
belong  to  the  genus  Anomala,  the  adults  of  which  have  been  found  in  cacao  planta- 
tions in  some  abundance.  In  general,  the  habits  of  all  beetles  of  this  genus  are  the 
same.  The  adult  of  a  very  common  species  is  shown  by  fig.  155,  and  the  larvce  of  the 
form  found  in  the  cacao  roots  in  fig.  156.  It  is  not  known  how^  or  where  the  eggs 
are  laid,  but  they  are  probably  deposited  in  the  debris  which  naturally  collects 
around  trees  which  are  ill  cared  for.  The  larvse,  upon  hatching,  have  but  a  very 
short  distance  to  go,  in  the  case  of  the  cacao,  before  they  find  the  young  tender  root- 
lets upon  which  they  feed  with  avidity. 

These  larvae  can  be  very  easily  recognized.  The  form  of  the  body  is  characteristic. 
When  found  they  are  invariably  curled  up,  assuming  this  position  as  a  means  of 
defense.  The  full-grown  larvae  measures  3  cm.  in  length  and  about  5  mm.  in  diam- 
eter. The  long,  rather  slender,  yellowish  hairy  legs  are  bent  forward  at  the  first 
joint.  In  crawling  the  insect  uses  them  very  awkw^ardly.  The  head  is  ocher 
yellow,  shiny,  and  covered  rather  sparsely  with  stout  bristle-like  hairs.  Examina- 
tion with  a  strong  hand  lens  reveals  the  fact  that  there  are  no  eyes,  at  least  none 
externally.  The  dark  brown  jaws  or  mandibles  are  well  fitted  by  their  form  and 
position  for  cutting  off  bits  of  the  roots  u^on  which  the  animal  feeds. 

The  body  has  a  somewhat  corrugated  surface,  and  upon  the  back  of  each  segment 
there  is  a  transverse  area  covered  with  fine,  brow^n,  very  short  bristles,  which  aid  the 
insect  in  burrowing  into  the  ground.  The  rear  four  segments  of  the  abdomen  are 
somewhat  broader  than  the  others  and  are  of  a  darker  color,  owing  to-  the  mass  of 
excrement  contained  in  the  alimentary  canal. 

That  these  insects  do  much  damage  to  cacao  is  evident  from  their  abundance  and 
the  fact  that  they  are  related  to  species  which  are  very  injurious  wherever  found  in 
other  parts  of  the  world.  Living,  as  they  do  for  the  greater  part  of  their  lives, 
below  the  surface  of  the  ground  where  cultivation  of  the  plant  will  not  disturb  them, 
they  form  one  of  the  hardest  classes  of  insects  to  combat.  The  effects  of  their  work 
are  such  as  are  not  apparent  until  the  weak  and  dying  condition  of  the  tree  and  its 
inability  to  bear  fruit  tell  the  grower  that  it  is  being  killed  by  some  unseen  insect 
enemy. 

The  full-grown  insect,  a  beetle,  is  shown  in  fig.  155.  It  measures  from  9  to  12  mm. 
in  length,  is  of  a  shiny  greenish-brown  color,  and  the  wing  covers  are  very  much 
rounded.     Fine  striations,  running  longitudinally  upon  the  wing  covers,  heighten 
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its  sheen.  The  beetles  are  usually  found  upon  the  leaves  or  in  crevices  in  the 
bark,  where  they  appear  always  to  be  in  hiding.  Tliese  beetles  are  vervpecuUar 
HI  their  habits,  invariably  simulatino^  death  when  they  are  disturbed  They  drot)  to 
the  ground,  where  they  lie  perfectly  motionless  among  the  rubbish  around  the  tree 
until  the  disturbance  has  passed.  If  care  be  used,  a  very  slight  jarring  of  the  tree 
Avill  cause  them  to  drop  to  the  ground,  where,  if  there  be  no  debris,  tliey  may  be 
seen  and  killed.  A  word  of  caution,  however,  should  ])e  given  as  to  jarring  the 
trees  Perhaps  no  tree  cultivated  is  so  susceptible  to  ill  treatnient  as  the  cacao 
I  he  fruit  being  so  large  and  heavy  may  be  shaken  off  In^  even  a  strong  breezt^  and 
It  IS  therefore  evident  that  jarring  when  the  tree  is  in' fruit  will  prove  most  dis- 
astrous to  It.  Only  such  trees  as  are  just  out  of  fruit,  or  in  the  blossom  season, 
should  be  treated  in  this  manner,  and  the  jarring  should  be  done  wath  the  palm  of 
the  hand,  a  gentle  blow  being  delivered  and  only  repeated  two  or  three  times  for 
each  tree.     Anything  more  severe  than  this  will  result  in  disaster. 

For  killing  the  larvse  of  the  beetle  above  described  the  same  methods  as  tliose 
employed  tor  killing  cicada  larvee  may  be  used. 

When  this  insect  is  ready  to  change  to  the  pupa  stage,  it  builds  a  cell  composed  of 
compacted  earth.  This  is  somewhat  larger  than  the  larva,  and  as  the  latter  shrinks 
considerably  ]ust  previous  to  the  pupal  stage,  there  is  sufficient  room  for  it  to  effect 
the  hnal  change  to  the  adult,  allowing  for  the  proper  expansion  of  the  wings  and 
wmg  covers.     While  in  this  pupal  cell  the  insect  appears  as  in  tig.  157. 

While  birds,  particularly  crows,  feed  most  readily  upon  all  forms  of  white  grubs 
when  they  are  exposed  in  fields  by  plowing,  it  is  verv  doul)tful  if  they  perform  anv 
appreciable  service  in  the  destruction  of  the  AnomalaheeUe,  unless  it  b(^  that  they 
pick  it  from  tlie  trees  when  it  has  reached  the  adult  stage.  Tlu^efoie  all  effort's 
against  these  pests  will  consist  of  the  destruction  of  the  larva'  at  the  time  of  applica- 
tion of  remedies  for  the  cicada  and  the  jarring  of  the  beetles  from  the  trees  as 
described  above.  ' 

Of  all  the  cultivated  plants  observed  in  the  Philippine  Islands  perhaps  none  has 
been  found  that  suffers  more  from  insect  attacks  on  the  trunk  tlian  the  cacao  The 
insect  which  is  of  first  importance  is  the  flat  borer  of  the  cacao.  It  belongs  to  the 
family  of  long-horned  borers,  the  Cerambyci(be,  an  adult  of  which  is  shown  in  fi*' 
158.  The  damage  done  by  this  insect  is  much  greater  than  that  done  bv  anv  other 
insect  attacking  cacao,  inasmuch  as  it  not  only  works  for  a  long  period  uiiseen'  in  the 
trunk,  but  finally  effects  the  death  of  the  tree,  and  the  damage  is  hardly  api)arent 
to  a  casual  observer  until  its  deadly  work  is  completed. 

Ninety  per  cent  of  all  trees  examined  in  the  island  of  Negros  were  found  more  or 
less  completely  damaged  by  this  insect.  The  mode  of  attack  and  the  results  are  so 
characteristic  that  when  once  described  they  will  be  noticed  bv  the  most  careleas 
observer,  and  will  be  always  remembered  as  the  w^ork  of  this  particular  insect. 

Going  through  a  cacao  plantation  at  certain  periods  in  the  year,  especially  in 
April  and  May,  one  will  frequently  notice  at  the  bases  or  upon  the  trunks  of  the 
trees  a  kind  of  coarse  fibrous  sawdust.  This  may  be  of  a  light  wood  color  or  of  a 
very  dark  mahogany  red,  if  there  has  been  a  recent  rain.  One  who  is  not  acquainted 
with  the  fa(?ts  might  well  suppose  that  tins  has  been  produced  by  the  gnawing  of 
some  small  animal  like  a  rat,  though  upon  closer  examination  it\ill  be  seen  that 
the  fibers  are  too  regular  to  have  been  thus  produced.  If  the  bark  be  examined 
carefully,  one  will  soon  find  a  small  hole  of  irregular  form,  about  1  cm.  in  diameter, 
from  which  there  appears  to  be  exuding  more  sawdust,  usual  Iv  of  a  dark  color  and 
wet,  if  recently  pushed  out  of  the  burrow  by  the  insect.  If  a  hooked  instrument  or 
a  knife  be  used  to  carefully  remove  the  flakes  of  dead  bark  found  around  the  hole 
there  will  be  found  more  of  the  same  material  underneath.  If  the  search  be  con- 
tinued, following  the  line  of  a  now  well-marked  burrow,  tlie  chances  are  that  at 
its  end,  whether  just  below  the  bark  in  the  sapwood  or  within  a  deeper  burrow 
toward  the  heart  of  the  tree,  a  large  yellowish  grub  with  darker  head  and  still 
darker  brown  jaws,  will  be  found.  The  body  is  larger  toward  the  head  and  some- 
what flattened,  giving  the  insect  the  name  flat-headed  borer.  The  body  segments 
are  well  defined,  as  shown  in  fig.  159.  The  darker  color  of  the  hinder  part  of  the 
body  is  due  to  the  fact  that  the  digested  wood  becomes  colored  l)v  the  juices  in  the 
alimentary  canal  of  the  larva.  It  would  be  well  to  state  here  that  the  fibrous 
masses  of  wood  found  in  connection  with  this  insect  have  not  been  used  as  food,  but 
were  simply  cut  away  in  the  process  of  making  the  pupal  cell  and  in  filling  up  its 
entrance,  in  order  that  the  grub  may  not  be  disturbed  in  its  transformations  to  the 
pupal  and  adult  stages. 

This  larva  may  well  be  described  as  a  footless  grub,  one  which  is  perfectly  helpless 
when  removed  from  its  burrow,  for  when  once  taken  out  it  is  not  only  at  the  mercy 
of  predacious  insects  like  ants,  but  is  of  itself  so  helpless  that  it  would  soon  die 
from  lack  of  moisture  before  it  could  reach  a  place  of  safety. 
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The  full-grown  larva  measures  40  mm.  in  length  and  about  4  mm.  in  diameter  at 
tlie  iiiiddle  of  the  body.  Its  powerful  jaws  or  mandibles  enable  it  to  feed  readily 
upon  the  hardest  parts  of  the  wood  in  which  it  lives,  and  specimens  have  been  found 
winch  have  excavated  tunnels  50  cm.  long,  in  addition  to  the  irregular  blotch-like 
cavities  which  are  formed  just  beneath  the  bark  at  the  beginning  of  the  attack. 

Ihe  habits  ot  this  insect  are  very  similar  to  related  species  in  other  countries,  as 
the  maple  borer,  Flagionotm  speciosm;  the  sawyer,  Monohammns  confusor;  the  round- 
headed  apple  borer,  Saperda  Candida;  the  oak  primer,  Ekiphidion  villomm.  The 
female  lays  her  egg  in  a  small  puncture  in  the  living  bark  of  the  tree  and  as  soon  as 
the  young  grub  hatches  it  begins  its  work  of  tunneling  the  bark,  the  tender  growing 

wood,  and    eventual  V  the   hardpr  nnrfinna  r^f  ih^  +v«/^       \\T..^r.  u   ^- ^-u„i.*   ,..-.^1^ 


^  ',.;.. — "— "-V  --^  --<**.^^i  j^^itxuiiBui  tilt;  tiw.  were  it  true  that  a  single 
borer  did  its  work  m  the  trunk  the  damage  done,  though  considerable,  would  not 
be  so  serious  a  menace  to  the  life  of  the  tree.  But  when  several  borers  appear  simul- 
taneousl;yr  m  different  parts  of  the  trunk  they  soon  succeed  in  girdling  it,  after  which 
ee  18  sure  to  die.     Figs.  160, 161,  and  162  show  several  large-sized  branches  killed 


....^ .. .  ^^.v.  vv^  V..V..     X  xgn.  XUV7,  iUL,  fcuiu  luz  SHOW  severai  large-sizeci  branches  killed 

in  this  manner.  The  grubs  having  destroyed  one  side  of  the  tree,  the  latter  puts 
lorth  Its  strength  m  efforts  to  heal  up  the  wound,  causing  an  abnormal  growth  to 
bulge  over  the  bare  space  left  by  the  insect  attack.  The  wood  and  bark  increase  in 
thickness  on  the  opposite  side.  Other  grubs  attack  this  part,  which  is  particularly 
rich  in  food  material,  and  thus  by  these  successive  attacks  the  living  parts  are  all 
destroyed  and  the  tree  girdled. 

Trees  have  frequently  been  observed  in  which,  on  a  branch  from  4  to  7  cm  in 
diameter,  there  would  be  a  strip  of  only  1.5  mm.  of  living  wood,  and  yet  this  branch 
would  be  giving  forth  leaves  above  the  wound.  Of  course  the  latter  were  small 
being  ill-nourished,  and  no  fruit  could  be  expected  upon  such  a  branch.  This  illus- 
trates the  remarkable  vitality  of  the  cacao,  and  probably  explains,  too,  its  extreme 
susceptibility  to  injuries  of  any  kind. 

An  interesting  feature  of  the  work  of  the  fiat-headed  borers  is  the  manner  in  which 
the  excrement  is  packed  behind  it  in  the  burrow,  sometimes  so  solidly  as  to  simulate 
the  wood  Itself.  It  can,  however,  always  be  distinguished  by  its  granular  appear- 
ance as  distinct  from  the  fibrous  structure  of  the  wood.  These  filled  burrows  are 
frequently  encountered  in  timber  when  it  is  sawed  for  building  and  other  purposes 
VVood  having  this  appearance  is  called  ''wormy."  A  characteristic  burrow  of  one 
ot  these  larvae  is  shown  in  figure  163,  with  also  some  of  the  frass  as  left  behind. 

When  the  grub  is  about  to  pupate  it  burrows  toward  the  heart  of  the  tree  and 
upward,  thus  forming  an  oblique  canal  which  when  a  short  way  in  is  changed  to  a 
vertical  direction  and  is  thus  parallel  with  the  wood  fiber.  Into  this  burrow  the 
insect  retires  and  changes  its  position  so  that  the  head  is  toward  the  opening  AVithin 
a  very  short  time  after  the  larva  has  entered  this  retreat  and  has  packed  in  the  fibers 
to  close  up  Its  doorway,  it  sheds  its  skin  as  a  grub  and  assumes  a  form  which  upon 
closer  examination,  shows  that  it  possesses  characteristics  of  a  beetle  The  legs 
antenme,  wings,  and  wing  covers  may  all  be  readily  distinguished  if  a  careful  exami- 
nation be  made.  Unfortunately  there  have  not  yet  been  sufficient  observations  upon 
this  insect  to  enable  me  to  state  the  length  of  time  during  which  it  remains  in  the 
larval  and  pupal  stage.  On  the  11th  of  March,  1903,  a  full-grown  beetle  was  taken 
f roin  a  tree  near  one  m  which  larval  pupal  forms  had  been  found  at  an  earlier  date 
ot  the  same  year.  This  would  seem  to  indicate  that  the  period  for  the  pupa  is  from 
tour  to  six  weeks,  possibly  not  so  long. 

The  adult,  after  its  outer  covering  has  become  thoroughly  dry  and  hard,  subsequent 
to  its  change  from  the  pupa,  begins  the  work  of  gnawing  away  the  material  which 
as  a  larva  it  had  packed  m  the  mouth  of  its  burrow,  and  it  comes  forth  a  very  beauti- 
ful creature,  entirely  unlike  the  uncomely  grub  which  had  been  doing  the  damage 
Its  length  IS  25.5  mm.,  its  greatest  breadth  6.5  mm.  The  antenme  in  the  specimen 
betore  me,  measure  44  mm.  When  the  insect  is  at  rest,  the  antennae  are  carried  back 
over  the  body,  projecting  beyond  the  tip  of  the  abdomen.  The  antenna  has  11 
joints,  the  second  from  the  head  being  much  thicker  than  the  others  and  having 
transverse  corrugations  on  lines  upon  its  upper  surface.  Each  succeeding  joint 
except  the  three  last,  is  knobbed  at  its  extremity  and  bears  a  spine  on  the  hinder  edge' 
The  eyes,  w^hich  are  black  and  composed  of  what  appear  to  be  a  number  of  fine  fet 
beads,  are  crescent  shaped,  and  are  placed  around  the  hinder  edge  of  the  sockets  of 
the  antennae.  The  thorax  is  very  markedly  corrugated  transversely  and  is  covered 
with  fine,  golden-brown  hairs,  which  give  it  and  the  wing  covers,  which  are  similarly 
marked,  the  appearance  of  a  beautiful  brocade  velvet.  The  legs  are  rather  long  and 
slender.  They  are  covered  with  fine  hairs,  as  is  true  also  of  the  under  surface  of  the 
body.  The  feet  are  provided  with  a  pair  of  hooked  claws,  which  aid  the  insect  in 
clinging  to  the  bark.  In  the  act  of  egg  laying  the  female  grasps  the  bark  firmly 
with  all  her  feet,  and  is  thereby  enabled  to  insert  the  ovipositor  into  the  bark 
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The  beetles  of  this  family  make  a  pectiliar  noise  when  disturbed  or  captured.  It  is 
similar  to  the  sound  produced  l)y  rubbing  the  finger  nail  over  a  very  line  file,  and  is 
made  by  the  friction  of  the  tip  of  tlie  wing  covers  on  the  surface  of  the  abdomen. 

The  question  of  combatting  this  insect  is  a  very  serious  one,  as  the  methods 
employed  must  at  once  be  easy  of  application  and  likewise  effectual  at  the  time  w^hen 
the  insect  is  likely  to  begin  its  greatest  damage.  The  beetle  almost  invariably  rests 
upon  the  bark,  which  is  so  nearly  its  own  color  as  to  make  it  very  difficult  to  detect. 
It  is  therefore  evident  that  any  attempts  to  thus  discover  it  ami  rid  the  trees  of  this 
pest  by  hand  picking  would  prove  practically  useless.  In  order,  therefore,  that  the 
insect  be  repelled  from  the  bark,  something  nmst  be  used  which  will  ])rove  at  oiue 
distasteful  to  it  and  harndess  to  the  tree.  Prol)ably  the  very  best  method  with  youug 
trees,  when  recently  set  and  until  they  reach  an  age  when  the  bark  will  not  be  sus- 
ceptible to  the  effects  of  any  strong  wash  which  may  be  applied,  is  tlie  complete 
enveloping  of  tl)e  trunk  of  the  tree  by  means  of  cage  protectors  made  of  a  coarse 
grade  of  abaca  or  "sinamay,"  such  as  is  used  in  the  Visayas  for  mosquito  netting, 
and  wdiich  has  a  net  sufficiently  line  to  prevent  the  entering  of  the  adult  for  e^g  lay- 
ing. This  material  is  so  cheap  that  it  could  be  used  constantly,  even  until  the  trees 
have  attained  a  considerable  size.  The  l)ags  are  made  of  a  cylindi'ic^al  form,  open  at 
both  ends,  and  having  a  draw  string  in  one  end.  They  may  be  slipped  over  small 
plants  and  the  lower  ends  held  close  to  the  ground,  either  by  embedding  in  earth  or 
by  the  placing  of  a  stone  upon  the  lower  edge.  In  the  case  of  larger  trees,  where  it 
is  impracticable  to  slip  this  bag  over  all  the  branches,  it  is  well  to  simply  use  a 
straight  piece  of  cloth,  putting  it  aroimd  the  tree,  and  after  doubling  the  edges 
together  in  the  form  of  a  hem  they  may  be  either  sewed  with  coarse  stitches  or 
pinned  by  means  of  sticks  of  bamboo  made  in  the  form  of  toothpicks.  Figure  1(>4  is 
an  illustration  of  a  bag  wdiich  was  used  for  the  ])rotection  of  the  u])per  parts  of  the 
trunk  in  order  that  during  investigations  the  adults  which  emerged  .from  the  tree 
might  not  escape.  In  figure  105  a  tree  is  shown  |)rotected  by  one  of  these  bags.  If 
opened  at  the  bottom  and  held  close  to  the  ground  by  stones  or  earth  this  would 
serve  admirably  for  keeping  off  the  beetles.  AVire  screening  would  serve  equally  as 
well  were  it  not  for  the  fact  that  the  extreme  dampness  would  cause  it  to  rust  and 
thus  quickly  becoine  useless.  In  the  United  States  a  heavy  grade  of  tarred  or  roof- 
ing paper  serves  the  same  purpose,  but  its  cost  would  be  against  its  general  use  in 
the  Philippines. 

Where  it  is  not  practicable  to  use  the  method  described  above,  some  repellant  to 
the  insects  should  be  applied  to  those  parts  of  the  trunk  which  are  most  likely  to  l)e 
affected.  Inasmuch  as  these  repellants  are  simply  supposed  to  keep  the  adult  insect 
from  laying  her  eggs,  it  is  very  obvious  that  they  should  be  applied  before  any  insect 
has  had  a  chance  to  deposit  its  eggs  in  the  tree  trunk.  If  the  grub  has  once  entered 
the  bark,  no  application  of  remedies  externally  will  have  the  least  effect  upon  it, 
and  other  means  must  be  taken.  These  will  be  spoken  of  later.  Any  strong-smell- 
ing substance,  such  as  fish  oil,  tar,  or  pitch,  which  will  adhere  to  the  tree,  or  pure 
crude  petroleum  would  prove  effectual,  but  perhaps  the  best  and  most  easily  applied 
material  for  warding  off  the  attacks  of  this  borer  is  what  is  known  as  the  soap  and 
carbolic  acid  wash.  This  is  prepared  by  dissolving  4  liters  of  soft  soap  in  4  liters  of 
hot  water  and  adding  one-half  liter  of  crude  carbolic  acid.  This  mixture  should 
stand  for  at  least  twenty-four  hours,  or  until  it  has  become  perfectly  dissolved.  Into 
this  sliould  be  poured  from  32  to  40  liters  of  rain  water,  and  the  whole  carefully 
stirred  until  thoroughly  uniform.  It  may  then  be  used  with  a  broad  paint  brush  or 
swab  on  the  end  of  a  stick,  covering  all  the  parts  of  the  trunk  and  branches  which 
might  be  supposed  to  offer  a  place  for  the  borer  to  lay  its  eg^s.  No  fear  need  be  had 
that  this  mixture  will  injure  the  trees  if  properly  prepared  in  the  proportions  given. 
The  period  from  the  1st  of  April  to  the  1st  of  June  would  be  the  best  in  which  to 
apply  this  preventive,  as  it  is  during  this  time  that  the  beetles  come  forth  and  are 
ready  to  lay  their  eggs. 

An  excellent  preventive  which  has  been  used  most  successfully  against  the  peach 
borers  in  the  United  States,  and  which  would  probably  prove  of  value  equal  to  that 
of  the  carbolic  wash,  is  a  preparation  composed  of  lime,  coal  tar,  and  whale  oil  soap. 
This  mixture  may  be  put  on  in  a  comparatively  thin  coating,  as  ordinary  rains  do 
not  easily  wash  it  from  the  trees.  It  must  be  thoroughly  applied  to  all  parts  of  the 
tree  likely  to  be  attacked  by  the  borers. 

Tobacco  dust  has  been  advocated  by  some  fruit  growers  in  America  as  a  preventive 
of  the  borers.  The  author  leaves  this  matter  until  more  thorough  experimentation 
in  the  Philippines  shall  determine  the  advisability  of  recommending  it  for  general 
use.  If  it  be  found  an  effectual  remedy,  there  w^ould  be  a  decided  advantage  in 
employing  it  in  lieu  of  insecticides  which  would  have  to  be  brought  from  abroad. 

An  effective  measure  to  be  used  against  the  grubs  which  have  already  entered  the 
tree  is  to  carefully  search  for  evidence  of  their  existence  beneatli  the  bark,  and  when 
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they  are  located  to  thrust  in  a  etout  piece  of  bent  wire,  with  which  they  can  be 
crushed.  It  is  not  necessary  to  extract  the  crushed  insect,  as  when  so  injured  it  can 
not  transform  further,  and  there  will  ])e  no  danger  of  its  coming  forth  as  a  beetle. 

The  fact  must  bo  constantly  borne  in  mind  by  those  who  would  grow  cacao  suc- 
cessfully in  these  islands  that  vigilance,  not  only  over  those  charged  with  the  work 
of  caring  for  the  trees,  but  also  personal  inspection  of  the  orchards  themselves  by 
the  owners  will  be  necessary  to  detect  not  only  the  presence  of  these  insects,  but 
also  a  large  numbeV-  of  other  forms  whose  insidious  working  in  places  in  which  it  is 
not  easy  to  get  at  them  renders  them  all  the  more  pernicious.  As  in  a  clean  house 
or  in  a  clean  city,  diseases  are  less  liable  to  enter  and  play  havoc,  so  in  a  clean  cacao 
orchard  insects  find  less  favorable  fields  for  their  ravages.  This  means  that  thor- 
ough and  scientific  pruning,  careful  cultivation  as  set  forth  in  Lyons' s  bulletin  on 
Cacao  Culture,  ^  and  a  constant  care  must  be  taken  against  insect  and  other  pests. 
Clean  ground  around  the  cacao  trees  proves  less  inviting  to  all  kinds  of  insects  which 
would  be  liable  to  lurk  in  the  rubbish  and  dead  leaves  which  often  litter  the  planta- 
tions so  far  observed. 

Another  insect  which  has  proven  seriously  destructive  to  the  trunks  of  cacao  trees 
is  the  "white  ant,"  or  termite.  This  insect,  described  as  being  destructive  to  the 
roots,  does  not  by  any  means  confine  itself  to  these  parts  of  the  tree.  (Fig.  147  shows 
the  work  done  in  the  living  trunk  of  a  cacao  which  had  first  been  seriously  injured 
by  the  borer.)  When  once  the  white  ant  becomes  abundant  in  a  tree  its  life  is 
practically  over,  unless  the  measures  suggested  be  followed  before  the  insects  have 
extended  high  into  the  tree.  These  termites  have  an  underground  cell  in  which 
the  queen  mother  of  the  colony  is  confined.  Owing  to  her  great  size  she  can  not 
leave  this  cell,  and  performs  no  other  function  save  the  laying  of  eggs,  with  which 
her  enormous  body  is  distended.  (Fig.  166  shows  a  female,  natural  size,  of  a 
species  closely  related  to  the  one  which  damages  cacao  trees.  Fig.  167  show^s  the 
same  kind  of  insect  before  her  body  has  become  distended  with  eggs. )  Unless  this 
queen  mother  be  destroyed  in  some  way  the  colony  will  go  on  multiplying  indefi- 
nitely, it  matters  not  how  many  of  the  ants  found  m  the  tree  be  destroyed.  There 
are  always  thousands  of  w^orkers  in  the  ground  chambers  of  the  nest  to  attend  to  the 
rearing  of  the  enormous  brood.  (Fig.  168  shows  the  cells  where  the  young  anay  are 
reared.) 

In  order  to  find  out  approximately  the  number  of  eggs  laid  by  a  female,  a  com- 
plete queen  cell  in  which  the  queen  mother  was  confined  was  dug  out.  (Fig.  169 
show^s  the  appearance  of  a  cross  section  of  this  cell.)  The  female  was  carefully 
watched  for  several  hours  and  was  seen  to  be  continuously  laying  eggs.  These  eggs 
were  carried  away  in  tiny  adherent  masses  by  the  workers.  A  careful  watch  was 
made  for  one  minute,  and'instead  of  allowing  the  workers  to  remove  the  eggs  during 
this  period  the  mass  was  carefully  picked  up  with  a  fine  forceps  as  fast  as  it  had 
assumed  the  size  of  those  previously  carried  away  by  the  workers.  A  count  revealed 
the  fact  that  during  one  minute  165  eggs  had  been  laid  by  the  queen  mother.  No 
estimate  of  the  weight  of  this  mass  was  made,  but  it  is  safe  to  say  that  it  represented 
not  more  than  yoV<t  ^^  ^^^^  of  the  female  when  fully  distended.  Some  idea  can  be 
gained  from  this  of  the  wonderfully  prolific  character  of  the  termite  and  the  futility 
of  attempting  to  destroy  a  colony  without  first  killing  the  queen  mother. 

The  same  species  of  large  black  ants  which  were  mentioned  as  attacking  the  tree 
below  the  crown  and  among  the  roots  will  likewise  be  found  in  the  trunk,  especially 
after  the  attacks  of  the  borer  and  the  termite  or  anay.  They  do  not  attack  the  trunk 
very  high  up,  seeming  to  prefer  living  half  beneath  the  ground.  The  same  treat- 
ment recommended  for  this  insect  when  found  among  the  roots  will  apply  to  it  when 
found  in  the  trunk  of  the  tree. 

A  little  insect  which  is  often  rather  abundant  upon  the  trunks  of  cacao  trees  is  a 
species  of  Psocidse.  This  is  perfectly  harmless,  feeding  only  upon  the  lichen  grow^ths 
which  are  to  be  met  with.  It  should  not  be  confused  with  the  winged  forms  of  plant 
lice,  which  are  very  injurious.  This  species  of  Tbocub  is  red  and  black;  the  body 
being  red  and  the  wings  mottled  and  of  a  smoky  color.  They  are  often  found 
bunched  together  in  considerable  numbers  on  the  lower  trunk  near  the  ground,  and 
when  disturbed  scurry  to  one  side  like  a  flock  of  sheep,  leaving  a  bare  spot  where 
the  disturbing  influence  touched  them.  Among  these  aggregations  the  larvae,  which 
are  wingless,  the  pupee,  which  have  tiny  wing  pads,  and  the  adults,  w^hich  have  fullv 
developed  wings,  may  be  found.  (Fig.  170  shows  a  portion  of  a  cacao  tree  trunk 
covered  with  these  insects. )  Since  they  feed  upon  substances  entirely  foreign  to  the 
life  of  the  tree  and  simply  use  the  latter  as  a  place  of  abode,  they  may  be  classified 
as  harmless. 

a  See  Bui.  2,  Phil.  Bureau  of  Agr.,  1902. 
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Many  insects,  like  caterpillars,  will  be  found  resting  upon  the  trunks  of  cacao  trees 
during'^the  day,  while  at  night  they  will  be  found  feeding  upon  the  leaves.  These 
are  often  so  nearly  of  the  same  color  as  the  bark  that  they  escape  all  except  an  eye 
trained  to  look  for  such  things.  One  ])articnlar  species  of  caterpillar  belonging  to 
the  family  Lymantriidie  is  so  nearly  like  the  cater{>illar  of  Porthetria  {Ocneria)  dupar, 
the  gypsy  moth,  as  to  indicate  a  very  close  relationship  between  the  two,  but  as  I 
have  not  yt^t  succeeded  in  rearing  the  adult,  the  insect  has  not  been  determined. 
Tlie  habit  of  ])lacing  the  cocoon  or  nearly  naked  brown  chrysalis  in  the  tw^igs  and  in 
holes  in  the  bark  is  almost  identical  with  that  of  Porthetria. 

The  caterpillar  will  be  descril)ed  when  the  insects  whicli  injure  the  leaves  are  dis- 
cussed. Three  very  serious  insect  })ests. whicli  attack  the  small  brandies  and  twigs, 
girdling  the  bark  of  the  latter  at  their  juncture  with  the  stem,  have  been  found  in 
the  larval  stage,  but  all  attempts  at  rearing  or  finding  the  adults  have  so  far  proven 
failures.  (Fig.  171  will  show  hoAv  thoroughly  the  larva  of  one  has  done  its  work  of 
girdling  a  twig  which  was  26  mm.  in  diameter.'^  Fig.  171a  shows  a  twig  13  mm.  thick, 
which  is  also  completely  girdled  by  the  insect.) 

A  peculiar  and  interesting  habit  of  the  larva,  which  first  attacks  the  twigs  to  girdle 
them,  is  that  of  using  its  excrement,  together  with  silk,  for  covering  up  the  burrow 
or  retreat  in  which  it  lives.  This  is  very  neatly  done  by  fastening  the  particles 
together  witli  a  kind'of  silk  and  these  pellets  or  ])articles  of  frass  are  so  nearly  the 
color  of  the  bark  from  w  hich  the  animal  has  obtained  its  food  that  the  difference 
l)etween  this  and  the  sound  bark  is  often  not  noticed  except  after  closest  observation. 
This  larva  is  of  a  dull  grayish  color  wnth  a  brownish  head.  Its  body  is  sparsely  cov- 
vereJ.  witli  stiff  bristles  and  its  general  habits  are  similar  to  those  of  th(^  Tortricida\ 

The  second  larva  is  undoubtedly  a  Cerambycid,  but  as  has  been  said,  it  has  only 
been  found  in  this  stage  and  can  therefore  not  be  identified  at  present. 

The  destructive  work  of  Cicada  has  already  been  mentioned  in  reference  to  insects 
which  affect  the  roots  of  the  cacao,  and  its  habit  of  laying  its  eggs  in  the  twigs  make 
it  likewise  one  of  the  insects  injurious  to  the  twigs  and  branches.  The  mode  of  treat- 
ing twigs  thus  affected  would  be  to  cutoff  and  burn  all  twigs  in  which  the  cicada 
eggs  have  been  laid;  one  will  frequently  come  upon  a  twig  or  even  a  good-sized  bran{^h 
which  bears  a  peculiar  scar  like  that  sliown  in  fig.  172.  If  a  careful  examination  l)e 
made,  this  w41l  be  seen  to  contain  shriveled  eggshells  about  4  mm.  in  lengtli. 
Twigs  will  be  found  like  that  represented  in  fig.  173,  in  whicli  the  eggs  show  very 
plainly.  The  adult  which  lays  these  eggs  has  not  yet  been  found,  but  from  the  gen- 
eral appearance  of  them,  it  is  very  likely  that  the  insect  is  an  Orthopteron;  that  is, 
belonging  to  the  order  of  grasshoppers,  crickets,  etc.,  and  may  be  pne  of  the  katy- 
dids, some  very  large  species  of  which  have  already  been  taken  in  cacao  groves. 
Mlcvocentrum  reMnervis,  the  angular- winged  katydid  of  the  southern  United  States, 
lays  its  eggs,  which  are  of  about  the  same  size  as  those  shown  in  fig.  174,  upon  tlie 
edges  of  leaves  and  upon  the  stems  of  the  trees  which  it  inhabits,  and  therefore  it 
may  reasonably  be  supposed  that  the  destructive  insect  in  the  case  of  cacao  is  a  related 
species. 

With  many  insects  of  this  and  other  species  affecting  the  cacao,  long  periods  of 
observation  and  the  collection  of  more  material  will  be  necessary  in  order  to  become 
thoroughly  acquainted  wdth  their  entire  life  history.  In  many  instances  thus  far 
only  one  stage,  or  the  work  of  the  insect  doing  the  damage,  has  been  obtained. 

One  of  the  most  serious  pests  of  the  leaves,  tender  buds,  and  flowers  is  a  species  of 
black  plant  louse.  This  insect  attacks  the  young  buds  even  before  the  leaves  or  the 
flowers  have  opened.  The  tiny  eggs  are  laid  in  the  folds  of  the  buds  and  the  l)ud 
scales,  i)eneath  the  stipules  of  the  leaves  and  in  the  crevices  of  the  unopened  sepals 
of  the  flowers.  They  are  so  minute  that  they  can  only  be  seen  with  the  aid  of  a 
magnifying  glass.  As  soon  as  the  young  hatch,  they  pierce  the  skin  of  the  twig  upon 
which  they  rest  and  begin  sucking  the  plant  juices.  Some  broods  of  plant  lice  give 
birth  to  living  young,  which  in  turn  lay  eggs.  This  question  of  the  alternation  of 
the  mode  of  reproduction  is  very  interesting  to  the  student  of  biology,  but  has  little 
value  economically,  at  least  in  this  latitude.  The  young  plant  lice  resemble  the 
adults  in  form.  They  are,  of  course,  much  smaller,  and  have  no  wings,  but  as  cer- 
tain forms  of  the  adults  are  also  wingless  this  feature  alone  will  not  aid  in  distin- 
guishing the  stages. 

Plant  lice  are  provided  wdth  a  pair  of  spine-like  projections  which  are  like  little 
tubes  on  the  back  of  the  abdomen,  and  which  secrete  a  waxy  substance  much  sought 
by  ants.  This  substance  is  commonly  known  as  "honeydew."  Its  nature  is  not 
clearly  known.  Wherever  there  is  a  colony  of  plant  lice  the  surface  upon  which 
they  rest  will  very  often  be  found  to  be  sticky  and  glistening,  as  though  covered  with 
sirup.  This  is  the  "honeydew"  secreted  by  the  plant  lice.  It  is  for  the  purpose  of 
collecting  this  that  ants  invariably  attend  a  colony  of  plant  lice,  caring  for  them 
assiduously  in  return  for  the  "honey"  which  they  secure.     They  frequently  carry- 
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the  ])hint  liec  from  place  to  place  when  the  leaves  or  twigH  upon  \vhi(^h  the  latter 
have  betni  feeding  become  dry  and  hard. 

FiVeii  though  only  a  single  i)lant  loune  be  found  upon  a  leaf  or  flower,  it  is  almost 
invariably  attended  by  an  ant  and  sometimes  by  two  or  more.  Thus  cared  for,  it  is 
little  wonder  that  the  i)lant  lice  nuiltiply  and  flourish  to  a  remarkable  extent.  (Fig. 
175  re])resents  the  different  stages  of  the  plant  louse.  It  will  be  noticed  that  at  b  the 
pup;e  are  distinguished  by  the  tiny  wing  pads  which  contain  the  wings.)  These 
insects  feed  in  all  stages  from  the  larva  to  the  adult,  and  therefore  their  damage  is 
considerably  greater  in  proportion  than  that  done  by  insects  which  feed  only  in  the 
lar\al  stages,  like  Lepidoptera,  Diptera,  and  Coleoptera.  Their  minuteness  appears 
to  ])e  fully  (*omj)ensated  for  by  their  nundjers,  and  so  the  cacao  grower  has  to  be  ever 
vigilant  in  order  that  he  may  successfully  combat  them. 

The  innnediate  (effect  of  the  attacks  of  the  plant  lice  is  to  cause  a  drooping  or  wilt- 
ing of  the  leaves,  flowers,  or  flow^er  stems  which  they  attack.  This  is  followed  by  a 
distortion  of  the  part,  the  leaves  curling  toward  the  under  side,  where  the  plant  lice 
are  usually  found.  This  shriveling  is  very  marked  upon  some  trees,  and  when  the 
leaves  liave  attained  their  full  growth  they  will  be  found  to  be  undersized  and  broken 
because  of  their  efforts  to  outgrow  the  attack.  Flowers,  when  attacked  by  the  plant 
lice,  shrivel  and  die  without  producing  fruit.  Occasionally  the  plant  lice  are  found 
upon  tlie  very  young  fruits,  tlie  skin  of  which  is  almost  as  tender  as  the  young  leaves. 
Invariably  fruits  thus  attacked  either  die  from  exhaustion,  or  if  they  survive,  are 
very  much  distorted,  ])resenting,  instead  of  the  regular,  even  lobed  appearance  of  the 
perfect  pod,  a  scarred,  smooth  side  which  has  no  semblance  of  the  characteristic 
ridges.  In  this  way  the  pods  are  formed  in  which  the  tip,  instead  of  being  st: alight, 
is  twisted  Ijy  arrested  growth  on  one  side  and  by  the  normal  development  on  the 
other.     (Fig.  ]7()  shows  a  fruit  thus  distorted  and  also  a  perfect  fruit.) 

When  the  fruit  pods  have  attained  the  size  of  a  hen's  egg,  they  are  not  subject  to 
the  attacks  of  the  plant  lice,  and  thus  it  will  be  evident  that  any  remedy  should  be 
applied  before  this  period. 

As  a  means  of  treating  plant  lice  upon  the  flowers  and  leaves  of  cacao,  there  is  no 
better  material  than  kerosene  emulsion.  There  are  several  ways  of  making  and 
applying  this  insecticide,  but  the  best  preparation  for  this  purpose  wdll  be  the  kero- 
sene and  soap  emxilsion.  This,  if  properly  prepared  and  applied  according  to  direc- 
tions, will  be  found  to  be  harmless  to  the  most  delicate  parts  of  the  plant.  For  its 
preparation  see  the  chapter  on  insecticides. 

In  applying  the  kerosene  emulsion  some  kind  of  spray  pump  should  be  used  to 
facilitate  the  uniform  distribution  of  the  spray  and  to  enable  the  w-orkman  to  reach 
the  higher  branches  of  the  tree  with  the  emulsion. 

Another  enemy  of  the  young  cacao  leaves  w^hich  is  likely  to  prove  of  considerable 
importance  is  the  l.)lack  thrips.  This  minute  insect  may  escape  even  a  close  observer 
if  he  does  not  know  the  signs  w^hich  indicate  its  jiresence.  As  in  the  case  of  the  plant 
lice,  the  injury  caused  l)y  the  thrips  makes  the  leaves  curl  up,  as  shown  in  fig.  177, 
but  not  as  markedly  as  with  the  former.  If  one  carefully  examine  a  few  leaves 
which  show  evidences  of  curlings,  he  will  find  upon  the  underside  a  number  of  very 
slender  black  and  red  objects  moving  very  slowly  from  place  to  place.  The  black 
ones  are  the  adults,  the  red  ones  the  young  thrips.  The  rear  part  of  the  abdomen 
is  decidedly  pointed,  and  the  thorax  bears  a  spine  on  each  side.  These  insects  are 
provided  with  sucking  mouth  parts,  and  cause  an  injury  to  the  leaf  similar  to  that 
caused  by  the  plant  lice.  They  may  be  combated  by  the  same  means  employed  to 
destroy  the  latter,  and  large  numbers  of  them  will  be  killed  when  the  trees  are 
sprayed  for  the  A])hids.     (An  adult  thrips  is  represented,  much  enlarged,  in  fig.  178. ) 

Another  insect  which,  w  hile  not  occurring  in  great  abundance  at  the  time  when 
observations  were  made,  is  likely  to  prove  a  pest  to  the  cacao,  is  the  large  yellow 
scale  represented,  magnifled,  in  fig.  179.  Its  egg  is  shown  at  b.  The  adult  female 
measures  17,5  mm.  long,  13  mm.  wide,  and  9  mm,  high.  It  is  of  a  light  salmon  yel- 
low color  and  is  covered  with  a  fine  powdery  substance.  Beneath  the  scale  secretes 
a  white  pubescence  which  is  fibrous  in  structure.  The  upper  surface  is  corrugated; 
the  hinder  part  of  the  body  is  much  higher  than  the  forepart,  and  when  at  rest  upon 
tlie  twig  or  leaf  the  black  legs  and  antennae  are  completely  hidden  by  the  shell- 
shaped  body.  The  forward  part  of  the  body  is  slightly  notched.  When  the  animal 
is  disturbed  and  moves  from  place  to  place,  the  tiny  black  antennae  and  tips  of  the 
black  feet  may  be  seen  ])rotruding  from  beneath  the  body.  In  February  and  early 
March  these  insects  will  alw^ays  be  found  with  the  space  beneath  the  dome  of  the 
body  completely  filled  with  tiny  orange  yellow  eggs,  w^hich  are  1  mm.  long  and  0.6  mm. 
wide.  It  is  not  yet  known  when  the  young  hatch  nor  has  anything  definite  been 
ascertained  concerning  the  full  life  history  of  this  insect.  Further  studies  wall  eluci- 
date points  concerning  this  and  other  scale-like  insects  of  the  cacao. 


608  BEFORT    OF   THE    PHILIPPINE    COMMISSION. 

Tlie  same  method  employed  in  ridding  the  trees  of  the  Aphids  will  apply  to  the 
coml)atiiig  of  the  large  yellow  scale.  Its  .soft  body  will  make  it  peculiarly  Huscei)tible 
to  the  effects  of  kerosene  emulsion. 

Very  frequently  there  will  be  met  in  the  cracks  and  crevic^es  imder  the  dead  bark 
and  in  holes  where  limbs  have  been  broken  off  from  tlie  cacao  a  beautiful,  irrides- 
cent,  blackish-green  or  blackish-purple  beetle,  with  very  convex  wing  covers  and 
anteniKV  which  have  the  appearance  of  a  string  of  beads.  This  beetle  belongs  to  the 
fanuly  Spliirulida^,  a  class  of  beetles  whose  larva^.  feed  upon  dry  fungi  and  decaying 
vegetable  matter,  and  which  are  not  injurious  to  tlie  tree.  When  disturl)ed  these 
beetles  readily  simulate  death,  and  will  dro^)  to  tlie  ground  until  the  disturl)ance  has 
passed.     They  have  l)een  found  iti  fair  abundance  in  all  cacao  ])lantations. 

The  beetle  measures  14  mm.  in  length  and  5.5  mm.  in  width,  the  wing  covers 
being  9  mm.  long.  The  wing  covers  are  marked  by  a  series  of  nine  longitudinal 
lines,  wdiich  are  punctuated  by  fine  dots.  The  under  surface  of  the  body  is  of  the 
same  color  as  the  u})per  (see  tig.  180). 

Occasionally  there  may  be  found  upon  the  under  surface  of  the  beetle  tiny  light- 
brown  roundisli  mites,  which  are  parasites.  This  is  a  thing  which  is  very  common 
to  many  Coleoptera,  especially  those  living  in  dark  or  obscure  places. 

Associated  with  the  beetle  may  be  found  several  species  of  cockroaches,  some  very 
pale  yellow  and  about  15  mm.  long,  others  mottled  buff  color,  20  to  25  mm.  long, 
and  still  others  which  are  about  35  mm,  long  and  of  a  reddish-brown  color.  None 
of  these  do  damage  to  the  trees,  as  they  live  upon  the  decaying  matter  found  in  the 
crevices  and  wounds. 

Other  harmless  forms  pertaining  to  Thysaura,  Coleoptera,  Oorrodentia,  and  Orthop- 
tera  have  been  met  with  upon  the  trees,  but  a  description  of  these  minor  insects  and 
of  their  life  histories  and  habits  will  be  left  for  a  later  report.  In  any  attempt  at 
treating  the  trees  for  injurious  insects  many  of  these  will  inevitably  be  killed. 

The  two  principal  destructive  insects  found  upon  the  leaves  are  a  species  of  cater- 
pillar of  the  family  Lymantriida^,  and  another  of  the  family  Eucleidte.  The  caterpillar 
of  the  former  can  be  easily  recognized  by  its  size  and  its  hairy  appearance.  When 
full  grown,  and  ready  to  transform,  it  measures  33  mm.  in  length  and  10  mm.  wide, 
without  the  hairs,  which  add  12  mm.  to  these  dimensions  all  around,  making  the 
entire  catei pillar  occupy  a  space  of  53  mm.  by  30  mm.  on  the  surface  of  the  leaf. 
The  adult  and  the  egg- laying  habits  of  this  insect  are  not  yet  known,  but  it  is  probable 
that  the  female  lays  her  eggs  in  ])atches  upon  the  twigs,  covering  them  with  soft  down 
from  the  outside  of  her  own  body,  like  a  closely  related  species  found  upon  the 
Ylang-ylang  and  the  Talisay  trees.  These  caterpillars,  as  has  been  stated,  have  the 
habit  of  feeding  at  night  and  resting  upon  the  branches  and  the  trunk  of  the  tree 
during  the  day.  When  disturbed  they  raise  the  head  and  twitch  the  forepart  of  the 
body  from  side  to  side.  If  the  disturbance  be  continued,  they  drop  either  to  tlie 
ground  or  to  a  lower  limb.  The  color  is  a  dull  gray,  with  a  few  reddish  markings. 
The  head  is  very  large,  grayish,  and  marked  by  darker  patches  of  small  dots.  Ttie 
hairs,  which  project  forward  from  the  neck,  give  the  insect  the  appearance  of  wearing 
a  ruff.  When  at  rest  upon  the  bark,  the  false  legs  of  the  abdomen,  ten  in  number, 
are  spread  out  beyond  the  sides  of  the  body,  firmly  grasping  the  surface  upon  which 
the  insect  is  resting.  When  the  caterpillar  is  about  to  change  its  skin,  or  moult,  a 
process  which  it  perform  five  times  before  changing  to  the  chrysalis,  the  six  true  feet 
are  drawn  up  together,  the  h€?ad  is  drawn  down  toward  the  legs,  and  the  fore  end  of 
the  body  is  elevated.  This  insect,  before  pupating,  finds  a  convenient  place  at  the 
fork  of  a  small  twig,  or  in  a  crevice  in  the  bark,  and  there  it  spins  a  very  poor  apology 
for  a  cocoon.  The  cocoon  looks  more  like  a  wide-meshed  basket  than  a  true  cocoon, 
and  doubtless  serves  simply  to  keep  the  large  brown  chrysalis  from  falling  to  the 
ground.  Unfortunately  several  of  these  chrysalids,  w^hich  were  |)ut  into  a  box  for 
rearing,  transformed  to  the  adult  stage  in  transit  to  Manila  from  the  place  of  capture, 
and  were  so  badly  damaged  as  to  lie  unrecognizable  when  the  box  was  opened. 

In  addition,  to  the  long  hairs  which  cover  its  body  this  caterpillar  is  provided  with 
short  stout  bristles,  3  mm.  long.  They  grow  from  tubercles  on  the  upper  parts  of 
the  abdominal  or  thoracic  segments,  and  are  spread  out  in  tuft  form.  These  bristles 
are  very  sharp,  and  when  the  observer  is  j^ricked  by  them  the  sensation  is  a  very 
painful  one.  It  is  claimed  by  Filipinos  that  these  animals  are  very  poisonous,  and 
undoubtedly  this  belief  comes  from  painful  experiences  with  their  poisonous  spines. 
On  many  people  the  prick  of  these  spines  causes  great  swelling  and  inflammation, 
which  may  continue  for  some  days.  This  is  due  to  the  fact  that  the  spines  work 
their  way  through  the  epidermis  into  the  lower  skin  and  there  remain  for  some  time. 
If  one  handles  these  insects  by  mistake  the  best  way  is  to  carefully  pick  out  all  the 
spines  with  a  pair  of  pincers,  using  a  magnifying  glass,  if  necessary,  to  aid  in  the 
work. 
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The  pupa  is  likewise  covered  upon  certain  areas  with  very  minute  spines  not  more 
than  1  mm.  in  length,  which  have  the  same  properties  as  those  upon  the  caterpillar. 

The  pupa  of  this  insect  is  much  shorter  and  stouter  than  the  larva,  measuring  only 
23  mm.  in  length.    Fig.  181  shows  the  full  grown  larva,  and  fig.  182  the  pupa. 

The  other  caterpillar,  which  is  nearly  as  severe  in  its  attacks  as  the  hairy  form,  is 
what  it  commonly  termed  a  slug  caterpillar.  The  slug  caterpillar  is  so  called  from 
the  fact  that  instead  of  possessing  well-developed  legs  and  prolegs  (false  abdominal 
legs)  it  has  the  underside  of  the  bodv  nodined  so  that  for  its  entire  length  it  is 
closely  applied  to  the  surface  upon  which  the  caterpillar  crawls.  The  form  of  the 
caterpillar  is  most  striking,  and  once  recognized  these  larvae  can  not  be  mistaken 
for  any  other.  The  body  which  in  the  full  grown  larva  measures  9  mm.  long  is 
shaped  much  like  a  slug  or  snail,  except  that  it  is  perfectly  square  across  the  back, 
the  sides  being  also  perpendicular  to  the  back.  The  very  pronounced  margin  which 
separates  the  side  from  the  back  is  armed  with  a  series  of  erect  spines  of  a  mottled 
brown  color  with  black  tips.  There  is  also  a  row  of  these  spines  on  each  side  near 
the  ventral  or  lower  surface  of  the  caterpillar's  body.  A  peculiar  little  tubercle 
armed  with  two  of  these  spines  projects  from  the  rear  of  the  body  and  slightly 
upward.  When  feeding,  the  caterpillar  protrudes  its  head  from  beneath  its  spiny 
armor,  and  when  disturbed  it  can  immediately  withdraw  it,  pulling  the  forepart  of 
the  body  down  over  it  for  protection.  When  touched  upon  one  side  the  insect  imme- 
diately doubles  over  toward  that  side,  just  as  a  person  would  do  if  tickled.  If  touched 
upon  the  opposite  side  it  performs  a  similar  movement  in  that  direction.  The  gen- 
eral color  of  the  insect  is  dull  brown,  but  the  under  surface  is  pale,  almost  white,  and 
very  smooth.  The  insect  secretes  a  kind  of  slime  which  is  evidently  useful  to  it  in 
its  movements  upon  the  leaves,  serving  in  place  of  legs  to  hold  it.  When  it  is  about 
to  transform  to  the  pupa,  it  spins  a  very  tough,  thick  cocoon  which  is  nearly  spher- 
ical in  form  and  is  attached  to  the  leaf  or  the  twig.  This  little  cocoon  is  brown  and 
very  smooth  and  glossy.  It  bears  no  resemblance  to  anything  pertaining  to  an  insect 
except  to  the  little  galls  formed  by  certain  hymenopterous  insects  upon  trees  like 
the  oak,  etc.     It  looks  more  like  a  little  dry  brown  fruit  of  some  kind. 

The  damage  that  the  caterpillar  does  to  the  leaves  is  shown  by  fig.  183.  As  the 
eggs  are  always  laid  upon  the  underside  of  the  leaf,  the  insect  begins  hy  eating  off 
the  lower  skin  or  epidermis,  leaving  only  the  veins  which  give  the  peculiar  skeleton- 
ized effect  shown  in  the  figure.  The  insect,  enlarged  is  -shown  at  fig.  184,  while  the 
cocoon  from  which  the  adult  moth  has  escaped  is  shown  at  fig.  185.  In  escaping, 
the  moth  pushes  off  a  little  round  lid  in  the  cocoon. 

There  is  another  member  of  the  same  family  which,  when  full  grown  is  some- 
what larger,  of  a  bright  yellowish  green  with  a  peculiar  brown  mark  upon  the  back 
and  having  a  double  row  of  tubercles  on  either  side  from  which  grow  tufts  of  bristles 
or  spines  very  much  like  those  described  on  the  hairy  caterpillar  of  the  family 
Lymantriidae.  This  caterpillar,  shown  enlarged  by  fig.  186,  has  habits  similar  to 
those  of  the  other  species  of  Eucleidse  except  that  it  eats  holes  in  the  leaf,  as  shown 
by  fi§.  187. 

This  insect  in  the  larval  sta^e  is  attacked  by  a  little  hymenopterous  parasite  which 
lives  within  the  body,  devouring  the  fat  and  finally  the  internal  organs  of  the  cater- 
pillar. When  this  parasite  has  reached  the  stage  for  transformation  to  the  pupa,  it 
spins  its  white  silken  cocoon  within  the  caterpillar's  body,  and  the  latter  may  often 
be  found  dead  upon  the  leaf  looking  as  though  it  were  still  alive,  but  motionless. 

Inasmuch  as  these  three  insects,  like  all  caterpillars,  obtain  their  food  by  biting, 
they  will  be  susceptible  to  any  poison  which  may  be  placed  upon  the  leaf  and  whidi 
they  can  take  into  the  mouth.  Among  the  many  insecticides  prepared  for  this  class 
of  insects,  those  that  are  among  the  best  are  arsenate  of  lead,  Paris  green,  and  helle- 
bore, the  first  named  being  probably  the  cheapest  and  most  effective.  When  once 
the  solution  of  arsenate  ol  lead  is  dried  upon  the  leaves,  it  will  stand  considerable 
rain  before  it  will  be  finally  washed  off,  and  it  is  doubtful  if  it  would  be  all  removed 
before  the  insects  would  have  secured  a  suflficient  quantity  to  kill  them.  As  obtain- 
able in  the  United  States,  the  arsenate  of  lead  is  a  commercial  compound,  but  it  can 
be  made  in  the  (Quantity  necessary  by  following  the  directions  for  its  preparation  in 
the  chapter  on  insecticides.  The  preparation  and  use  of  Paris  green,  with  other 
useful  insecticides,  will  be  treated  in  the  same  chapter. 

Of  the  family  Chrysomelidse  there  has  been  found  at  least  one  species  which  does 
damage  to  the  leaves  of  the  cacao.  As  this  beetle  is  very  small  and  of  an  obscure 
color,  it  might  be  readily  overlooked  when  searching  for  insects  upon  the  plant.  The 
female  is  about  4.5  mm.  in  length,  is  of  an  oval  form,  and  very  much  rounded  upon 
the  back.  The  male  is  smaller,  being  3.5  mm.  long.  These  insects  vary  from  light 
to  dark  brown,  the  majority  being  a  very  dark  brown.  The  wing  covers  are  very 
glossy  and  are  marked  by  longitudinal  dotted  lines  extending  from  the  base  to  the 
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tip.  The  adults  are  quick  in  their  uiovements  both  when  walking  and  ilying,  taking 
readily  to  wing  when  disturbed  or  dropping  quickly  to  the  ground.  They  are  very 
difficult  to  catch  unless  a  bag  is  held  beneath  the  leaf  upon  which  tliey  are  resting 
and  the  latter  be  shaken.  Even  then,  upon  alighting  in  the  bag  they  wall  almost 
immediately  fly  away  unless  promptly  killed.  The  eggs  of  these  insects  have  not 
been  found,  but  like  most  beetles  pertaining  to  this  family,  they  are  probably  laid 
upon  the  lower  sides  of  the  leaves  in  patches  in  which  the  single  eggs  stand  on  end. 
The  young  grubs  are  very  ]>eculiar  in  form,  being  shaped  like  the  larvjc  of  ladybirds, 
Coccineliche,  except  that  their  abdomens  are  thicker  at  the  rear.  They  move  very 
slowdy  and  when  disturbed  cling  to  the  surface  rather  tlian  drop  to  the  ground.  Their 
bodies  are  covered  with  short  black  spines  as  a  means  of  protection. 

When  young,  these  insects  feed  only  upon  tlie  lower  epidermis  of  tlie  leaf,  l)ut  as 
they  grow  larger  they  eat  away  both  upjier  and  lower  skin,  leaving  a  ^e\v  of  the 
larger  veins  w  Inch  are  too  tough. 

The  adults,  as  well  as  the  larva?,  are  leaf  feeders,  eating  through  the  entire  substance 
of  the  latter. 

As  many  as  20  of  these  beetles  are  sometimes  found  upon  the  same  leaf,  and,  as 
each  consumes  an  area  equal  to  about  ten  times  that  occupied  by  his  body,  it  can  be 
readily  seen  that  the  damage  done  by  the  cacao-leaf  beetle  is  considerable.  For  the 
combating  of  these  insects  a  spray  of  arsenate  of  lead  is  recommended  as  fatal  to  both 
larvte  and  adults. 

Further  observations  are  necessary  in  order  to  determine  where  these  insects 
pupate.  Most  of  the  leaf  eaters  pupate  in  the  crevices  of  the  bark  and  in  dried 
leaves  and  other  sech:'.ded  j>laces,  such  as  w^ounds  in  the  tree  and  rubbisli  which 
accumulates  around  neglecte<l  trees,  and  doubtless  these  insects  have  the  same  hab- 
its. (Fig.  188  represents  the  full-grown  beetles,  a  being  the  male  and  b  the  female, 
all  much  enlarged.     Fig.  189  shows  the  larva  of  a  related  species.) 

Cacao  leaves  are  affected  by  at  least  two  species  of  scale  insect.  This  is  an  insect 
wdiich,  in  the  larval  stage,  exudes  a  waxy  secretion,  whi(^h  soon  forms  a  shell  or  scale 
which  soon  completely  covers  the  insect  so  that  none  of  its  body  is  visible.  This  is  of 
X:>eculiar  form,  according  to  the  species.  Some  are  long  and  narrow,  others  are  ellip- 
tical, oval,  or  circular,  others  oblong.  Usually  there  is  a  prominence  near  the  center, 
called  the  nipple  of  the  scale.  The  scale  of  the  adult  consists  of  the  successive  exu- 
viie  which  have  been  shed  by  the  young  in  its  transformation.  Only  the  adult 
females  are  found  beneath  the  scale.  They  are  legless,  wingless,  rounded  masses, 
with  no  eyes.  Their  mouth  parts  consist  of  a  very  fine  filament  composed  of  three 
parts.  This  is  inserted  into  the  substance  of  the  leaf  or  through  the  bark,  and  by 
this  means  the  insect  obtains  her  nourishment.  Once  fixed  in  a  certain  spot  upon  the 
food  plant,  she  never  moves,  and  probably  never  removes  her  proboscis  from  the 
place  where  it  is  first  inserted.  She  lays  her  eggs  under  the  scale,  and  the  young 
come  forth  from  beneath  it  to  begin  their  own  independent  existences.  The  hinder 
end  of  the  female's  body  is  composed  of  a  series  of  what  are  called  anal  plates.  These 
are  portions  of  chitin — the  hard  material  found  in  the  walls  of  all  insects'  bodies. 
They  are  lobed,  and  between  the  lobes  are  arranged  series  of  bristles  or  spines.  The 
form,  number,  and  i)osition  of  these  i)lates  are  characters  upon  which  are  based  the 
classification  of  these  microscoj^ic  insects.  Very  frequently  the  food  plant  of  the  s(*ale 
is  used  as  an  aid  in  its  determination,  but  this  is  variable,  as  there  are  certain  scales 
like  the  San  Jose  (Aspidiotus  perniciosus  Comst.)  and  the  oyster  shell  bark  louse 
{Mylilmpis  pomorum  Bouche) ,  which  have  a  variety  of  food  plants.  The  male  larvie 
of  the  insect  forms  a  scale,  as  does  the  female;  but  when  it  reaches  the  adult  stage  it 
comes  forth  a  wdnged  insect,  similar  in  appearance  to  the  one  shown  on  PI.  I,  fig.  6. 
A  young  scale  insect,  with  its  legs  and  other  parts  of  the  body  complete,  is  shown  on 
PL  I,  fig.  4.  At  certain  seasons  these  mjnute  insects  may  be  seen  crawling  around 
upon  the  infested  leaves  or  twigs,  but  they  soon  settle,  usually  within  a  few  days. 

It  is  impossible  to  observe  or  attempt  to  study  this  class  of  insects  without  the  aid 
of  a  fairly  good  hand  magnifying  glass.  They  are  so  small  and  so  little  resemble 
insects  as  we  usually  know  them  that  they  would  scarcely  be  taken  for  such  by  per- 
sons not  familiar  with  the  subject.  For  this  reason  they  are  enal)led  to  gain  a  good 
foothold  and  to  multiply  to  very  great  numbers  unless  checked  by  some  natural 
enemy.  In  connection  with  the  question  of  their  multiplication,  it  may  be  said  that 
these  insects,  like  Aphids,  multiply  with  very  great  rapidity  and  in  numbers  which 
are  simply  astonishing  to  those  not  familiar  wdth  their  habits  and  life  history.  It  is 
claimed  that  a  single  pair  of  the  San  Jose  scale  ''will  in  the  course  of  a  summer  in 
the  United  States  become  the  progenitors  of  more  that  three  billion  offspring." 
Thus  the  cacao  which  might  be  slightly  infested  with  scale  at  one  time  might  very 
shortly  thereafter  be  completely  covered. 

The  first  of  the  scale  insects  found  upon  the  cacao,  the  sisi  scale,  so  named  from 
its  resemblance  to  a  Filipino  oyster,  so  called  in  Visayan,  is  black,  shiny,  and  has 
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the  shape  shown  in  iig.  190.  It  has  thus  far  been  found  only  npon  the  uj^per  side 
of  tlio  leaf  near  the  niidril).  It  is  very  slightly  convex.  Upon  reversing  the  leaf  a 
yellowish  spot  can  be  seen  beneath  ^^'here  the  scale  is  lying.  This  is  caused  by 
injury  to  the  leaf  tissue — a  result  of  the  insertion  of  the  insect's  proboscis. 

The  cond)ating  of  scale  insects  has  presented  one  of  the  most  serious  problems 
which  has  confronted  not  only  the  grower  of  fruit  and  other  trees,  but  also  the  econ- 
omic entomologist,  during  the  i)ast  few  years.  All  kinds  of  remedies  have  been 
tried,  such  as  kerosene,  crude  petroleum,  whale  oil  soap,  hydrocyanic  acid  gas, 
lime,  sulphur,  and  salt  mixture,  as  well  as  patent  articles,  all  of  whicli  contain  some 
one  or  more  of  the  a))ove  ingredients.  Even  now  it  is  extremely  difficult  to  say 
witli  any  certainty  wliich  of  tliese  remedies  or  whether  any  of  them  will  prove  best 
adapted  to  the  needs  of  the  cacao  grower  who  finds  his  trees  tiireatened  by  this  evil. 
No  ex}>eriments  have  thus  far  been  made  anywhere  in  the  Philippines  wdth  this 
cilass  of  insecticides  with  reference  to  the  treatment  of  the  scale  insect,  owing  to  the 
lack  of  tlie  ]>ro])er  materials  and  of  the  machinery  for  their  applicati'>n,  and  also  to 
lack  of  0])])ortunity,  thus  far  to  devote  to  this  very  interestinu:and  important  subject. 

JMany  plants  in  tlie  Philip])ines,  as  elsewhere,  are  attacked  upon  their  leaves, 
branches,  and  fruit  by  several  s pedes  of  insects  known  p^  the  mealy  bug.  These 
])elongtothe  saiae  family  as  the  scale  insects,  the  Coccid;e,  and  their  effex'ts  upon 
the  cacao  are  only  second  in  imi)ortance  to  the  work  of  the  cacao  borers. 

Going  through  a  cacao  grove  at  the  time  that  the  trees  are  in  fruit,  one  notices 
many  pods  which  bear  a  whitish  fungus-like  material.  Upon  closer  examination  the 
fungus-like  growth  will  be  seen  to  consist  of  large  masses  of  whitivsh  insects.  These 
are  8  nun.  long  and  2.35  mm.  broad,  and  the  bodies,  which  are  pinkish  yellow-,  are 
co\'ered  with  a  fine  powder-like  substance.  If  examined  wdth  a  magnifying  glass,  it 
will  be  seen  that  this  powder  extends  only  to  the  sutures  or  joints  of  the  segments, 
and  tliat  the  latter  may  be  readily  counted  even  in  those  individuals  which  have 
much  of  the  powder.  These  bugs  attack  the  fruit  just  after  it  has  set  and,  multiply- 
ing thereon  with  great  rapidity,  often  cover  it  entirely  by  the  time  it  is  ripe.  They 
begin  first  in  the  depression  or  grooves  and  gradually  spread  upw^ard  upon  the  lobes 
of  the  pod.  They  crowd  together  in  large  numbers  and  are  invariably  attended  by 
swarms  of  ants,  whose  purpovse  is  to  secure  the  honey  dew  voided  by  them.  One  of 
the  most  interesting  examples  of  the  interdependence  of  insects  is  shown  in  the  rela- 
tion of  the  ants  to  these  plant  lice.  Upon  certain  pods  it  is  not  an  uncommon  sight 
to  see  the  valleys  between  the  lobes  of  the  pods  completely  roofed  over  by  a  gray 
material,  which  upon  examination  i)roves  to  be  a  kind  of  crude  paper  formed  from 
particles  of  the  decayed  wood  of  the  cacao  tree.  Small  black  ants  will  be  seen  run- 
ning in  and  out  through  the  openings  in  tliese  sheds,  and  curiosity  upon  the  part  of 
the  observer  leads  him  to  break  away  a  portion  of  this  material  in  order  to  find  out 
wdiat,  if  anything,  is  beneath  it.  He  is  rewarded  by  finding  in  the  grooves  thus  pro- 
tected large  numbers  of  the  white  mealy  bugs,  wdth  their  young  and  with  wdlling 
servants,  the  l)lack  ants,  attending  and  caring  for  them.  The  ants  will  be  seen  tak- 
ing individual  mealy  bugs  in  their  jaws  and  carrying  them  from  place  to  place,  and 
especially  is  this  true  of  those  that  are  exposed  to  view  by  the  destruction  of  their 
roofs.  The  bugs  submit  to  this  with  no  sign  of  displeasure.  If  the  observer  w^atch 
long  enough,  he  will  see  the  ants  building  the  roof  or  repairing  the  parts  which  have 
been  broken  away.  They  manifest  great  uneasiness  w^hen  disturbed,  and  all  those 
individuals  wliich  are  under  the  roof  at  the  moment  come  forth  and  assume  an 
aggressive  attitude,  sitting  up  on  four  of  their  legs,  with  the  front  ones  in  the  air  and 
the  abdomen  doubled  under,  as  if  about  to  sting.  They,  however,  possess  no  sting 
and  only  assume  this  attitude  m  instinctive  imitation  of  those  forms  that  do  possess  one. 

The  author  has  found  cacao  pods  upon  which  all  of  the  ten  grooves  w^ere  com- 
pletely filled  wdth  the  mealy  bugs  and  roofed  over  by  the  ants.  A  unique  feature  of 
the  fruit  thus  attacked  w^as  that  one  of  the  tunnels  extended  to  the  fruit  stem  and 
along  the  limb  to  the  tree,  and  then  down  the  trunk  to  a  spot  where  the  ants  entered 
a  part  of  the  tree  which  was  decayed.  Upon  opening  this  decayed  wood  the  true 
nest  of  the  ants,  with  their  young  in  all  stages,  was  found.  This  would  seem  to 
indicate  that  the  tunnels  or  roofs  are  not  built  solely  for  the  benefit  of  the  mealy 
bugs,  but  also  as  a  protection  for  the  ants  in  going  back  and  forth  from  their  nests  to 
the  pods,  wdiere  their  ''cows,"  as  they  are  sometimes  called,  live.  This  double  and 
somewhat  intricate  system  shows  in  a  way  the  wonderful  provision  of  nature  whereby 
through  their  interrelationship  certain  species  of  insects  are  propagated  and  perpet- 
uated.' It  is  undoubtedly  true  that  without  this  provision  either  one  or  the  other  of 
the  species  would  soon  be  exterminated.  In  as  far  as  these  animals  are  related  to 
man  and  to  his  economy  they  must  both  be  considered  enemies — the  mealy  bug  in 
being  directly  injurious  to  the  product  of  the  cacao  and  the  ant  indirectly  as  protect- 
ing and  caring  for  the  mealy  bug  in  order  to  secure  the  product  of  its  attack  upon 
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the  tree.  The  latter  inii8t,  therefore,  ehare  with  the  foriner  hi  any  treatment  looking 
to  its  extermination. 

Little  is  so  far  known  of  the  life  history  of  this  cacao  mealy  hug.  Its  eggs  have 
been  discovered  in  alcoholic  material  and  tlie  young  have  l)eeh  found  in  great  abun- 
dance in  the  deeper  grooves  of  tlie  cacao  pod.  (In  Plate  I  is  shown  a  ripe  cacao  pod 
upon  which  are  represented  the  adult  and  young  mealy  bugs  with  the  tunnels  or 
sheds  built  by  the  ants.  The  openings  of  these  sheds  are  regularly  constructed,  so 
that  the  ants  can  go  in  and  out  at  certain  places  without  disturbing  the  bugs.)  By 
whatever  method  these  insects  are  treated  the  sheds  would  offer  but  little,  if  any,  hin- 
drance to  the  effect  of  the  insecticide,  inasnuich  as  they  are  built  of  an  extremely 
porous  material,  through  which  kerosene,  crude  petroleum,  or  other  similar  material 
would  soak  very  readily.  Probably  the  very  best  solution  to  apply  to  these  insects 
would  be  the  kerosene  emulsion  recommended  for  plant  lice.  Their  bodies  are  fully 
as  tender  and  delicate  as  those  of  the  plant  lice,  and  tlierefore  the  same  i)roportiona 
of  ingredients  could  be  used.  Tlie  sheds  where  tliey  were  present  would  hold  tlie 
insecticide  longer  in  contact  with  the  insect's  bodies,  and  would  tlius  be  a  help  in  the 
extermination  of  the  mealybugs.  Naturally  the  best  time  to  spray  the  trees  for 
these  iiisects  is  just  after  the  fruit  has  attained  the  size  of  a  small  'hen's  egg^  If 
successfully  subdued  at  this  time  the  chances  are  that  they  will  not  reaj)pear. 

The  amount  of  injury  these  insects  inflict  is  shown  in  the  smaller  size  of  the  pods 
attacked  by  them,  the  scars  which  extend  down  into  the  fiber  of  the  })ods,  and  tlie 
general  inferiority  in  size  and  quality  of  the  beans  or  kernels  themselves.  Pods 
infected  by  these  bugs  are  not  only  inferior  in  (quality  to  those  unaffected,  but  they 
are  also  very  unsightly  to  those  who  have  to  handle  and  open  them.  I  am  thor- 
oughly convinced  that  with  proper  care  and  judicious  use  of  the  spray  pump  and 
kerosene  emulsion  of  a  proper  strength  these  minute  jiests  may  be  entirely  eradi(^ated 
from  the  cacao  grove,  and  clean,  healthy,  well-filled  pods  will  be  produced  where 
now  inferior  ones  exist. 

There  is  another  species  very  similar  to  the  mealybug,  which  has  been  found  upon 
the  cacao  in  a  few  instances.  It  is  also  quite  prevalent  upon  the  ^'Nangka  "  {Arto- 
carpus  integrifolki  Linn.),  covering  the  fruit  stem  and  often  tlie  small  twigs.  It  is 
covered  with  a  thin  white  or  yellowish- wdiite  incrustation,  which  breaks  very 
readily  upon  being  touched,  however  lightly.  As  this  insect  has  been  found  only  in 
a  few  instances,  and  on  trees  which  were  in  close  proximity  to  Nangka,  it  is  probahle 
that  it  will  not  naturally  attack  the  cacao.  However,  it  would  be  well  to  be  on  the 
lookout  for  it.  Further  observation  will  reveal  the  facts  with  regard  to  its  prefer- 
ence for  cacao,  and  its  life  history  and  habits  may  then  be  discussed  at  greater  length. 

There  are  few  trees  which  have  a  host  of  enemies  without  at  least  a  proportionate 
number  of  friends  in  the  insect  world,  and  the  cacao  is  no  exception  to  this  rule.  In 
many  cases  the  insects,  which  in  some  way  or  another  prove  beneficial  to  the  cacao, 
are  not  found  solely  upon  this  tree.  This  does  not  have  reference  to  the  parasites 
of  the  insects  which  affect  the  cacao,  but  includes  such  insects  as  wasps,  aphis-lions, 
ant  lions,  and  spiders,  the  latter  not  being  insects  in  the  technical  sense. 

Among  wasps  which  are  found  upon  the  cacao,  and  whi(;h  are  known  to  feed  upon 
larva3  and  adults  of  noxious  insects,  may  be  mentioned  the  "  Alingayo"  and  the 
amomo-ong,  called  here  by  their  Visayan  names.  The  former  belongs  to  the  true 
wasp  family,  the  VespidiB,  and  the  latter  more  strictly  to  the  hornets.  The  alingayo, 
which  is  familiar  to  all  who  live  in  the  Visayas  because  of  its  very  sharj)  and  severe 
sting  and  the  fact  that  it  often  builds  its  nest  in  houses,  is  not  more  than  13  mm.  in 
length.  It  is  of  a  light-brown  color  wdth  transverse  bands  of  yellow  upon  the 
abdomen  and  diagonal  ones  upon  the  thorax.  The  second  segment  of  the  abdomen 
is  as  long  as  all  the  other  segments  together,  and  when  at  rest  the  insect  retracts  the 
hinder  segments  wdthin  this  long  one,  giving  it  a  very  short,  stubby  appearance; 
but  wdien  angered  and  about  to  sting  it  can  increase  the  length  of  the  abdomen  more 
than  twice  its  normal  length.  A  broad  liand  of  yellow  borders  the  hinder  edges  of 
the  second  abdominal  segment,  which  is  of  a  deeper  brown  than  the  rest  of  the  body. 
The  stinging  instrument  is  very  sharp  and  about  2  mm.  long,  curving  slightly  down- 
ward. The  eyes  are  slightly  yellowish,  the  antennae  are  broken  or  jointed  at  a  dis- 
tance from  the  head  of  about  one-third  of  the  entire  length  and  they  droop  forward  in 
front  of  the  eyes.  When  at  rest  this  insect  folds  its  two  pairs  of  wings  down  between 
the  thorax  and  abdomen,  and  thus  they  lie  for  a  part  of  their  length  below  tlie  abdo- 
men, as  shown  in  fig.  191d.  The  general  appearance  of  the  insect  is  given  in  the 
same  figure  at  h.  This  insect  builds  a  nest  like  the  one  shown  at  .fig.  192.  It  is 
often  as  large  as  a  man's  two  hands  and  every  cell  contains  a  grub  or  a  pupa.  The 
larvje  are  fat,  legless  grubs,  wdth  no  sign  of  eyes  or  other  appendages  and  they  feed 
upon  the  masticated  and  partly  digested  insects  which  the  adult  brings  to  them. 
Fig.  1916  shows  the  full  grow^n  grub  and  fig.  19\c  the  pupa,  which  has  been  removed 
from  its  cell  and  from  the  delicate  silken  cocoon  which  was  spun  before  its  trans- 
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formation.  Soon  after  changing  to  the  pupal  form  the  insect  is  a  creamy  white,  but 
as  the  process  of  development  goes  on  it  assumes  a  darker  color,  beginning  at  the 
eyes,  which  are  the  first  to  show  evidence  of  th6  true  color  of  the  perfect  insect. 

These  insects  have  been  seen  to  capture  small  caterpillars,  and  gradually  chew 
them  up  into  a  soft  mass,  which  they  carry  in  their  jaws  to  their  nests.  They  feed 
upon  other  insects  and  do  not  disdain  flies.  It  is  estimated  that  a  colony  of  100  of 
adults  will  destroy  in  a  month  more  than  3,000  caterpillars  and  other  insects.  Fig. 
191  shows  the  larva,  pupa,  and  adult  of  this  interesting  and  useful  little  insect. 

The  amomo-ong  is  very  much  larger  than  the  alingayo,  and  is  one  of  the  most 
beautiful  wasps  that  I  have  ever  seen.  It  is  30  mm.  long  and  7  mm.  wide,  of  a  jet 
black,  with  three  transverse  bands  of  orange  red,  one  on  the  upper  part  of  each  of 
the  first  three  abdominal  segments,  the  second  being  about  thrice  the  width  of  the 
first  and  third.  The  head  and  thorax  are  of  a  dull  velvety  black.  The  compound 
eyes  are  black  and  glossy,  and  in  the  top  of  the  head  are  three  little  black  glistening 
ocelli  or  simple  eyes,  forming  a  triangle.  The  wings  of  this  beautiful  insect  are  of  a 
reddish  brown,  tne  fore  wings  measuring  23  mm.  in  length.  They  are  somewhat 
smoky.  They  extend  just  to  the  tip  of  the  abdomen.  The  antennae  are  elbowed  as 
with  the  alingayo  and  droop  over  the  eyes.  The  legs  and  feet  are  of  a  color  uniform 
with  the  body,  and  are  provided  with  claws  for  grasping  the  surface  upon  which  the 
insect  rests,  and  for  obtaining  its  prey.  These  insects  have  the  same  habits  as  the 
alingayo,  but  instead  of  building  a  flat  nest  with  all  the  cells  in  the  same  plane, 
their  nest  has  the  appearance  shown  in  fig.  193,  which  shows  also  the  adult.  With 
this  nest  were  captured  some  eight  adults,  about  half  those  present.  These  insects 
are  valiant  protectors  of  their  homes  and  their  young.  They  will  remain  in  the  nest 
even  when  struck  at  with  poles,  one  or  two  of  them  darting  at  the  intruder.  When 
the  nest  has  been  torn  away  they  will  even  come  back  to  the  same  spot  and  attempt 
to  build  another  in  its  place.  This  is  contrary  to  the  usual  habits  among  insects,  of 
giving  up  a  place  when  once  their  nest  is  damaged  or  destroyed.  That  these  insects 
render  a  valuable  service  in  the  destruction  of  larvae  of  injurious  species  is  beyond 
question  of  doubt.  They  have  been  repeatedly  caught  when  returning  to  their 
nests  with  full  grown  larvse  in  their  claws.  They  carry  their  prey  in  their  claws 
rather  than  in  their  jaws,  as  is  the  case  with  the  alingayo,  and  they  do  not  masticate 
it  until  they  reach  their  nests. 

Among  the  species  of  caterpillars  which  have  been  taken  away  from  these  wasps 
are  those  of  Geometridee,  Lymantriidse,  Cetonia,  and  Tortricidee  in  large  numbers. 

In  all  cases  where  not  so  numerous  as  to  prove  annoying  by  stinging  unsuspecting 
workers  among  the  trees,  they  should  be  left  alone  in  their  nests.  Another  insect 
which  is  frequently  met  with  upon  the  cacao  tree,  and  which  might  be  mistaken  for  its 
enemy,  is  one  of  the  true  bugs,  a  Reduviid,  which  I  propose  to  call  the  *'red  corsair." 
This  Hemipteron  belongs  to  a  class  of  insects  which  are  very  properly  called  assassin- 
bugs,  because  their  instinct  is  directed  to  the  killing  of  other  insects.  The  red  cor- 
sair, a  picture  of  which  is  shown  at  fig.  194a,  is  a  very  showy  insect,  having  a 
black  underbody  with  red  thorax  and  red  wings.  The  head  and  feet  are  black,  as  are 
the  antennae.  The  insect  measures  17  mm.' long  and  5  mm.  wide.  The  head,  which 
is  very  long  and  narrow,  has  a  peculiar  beak  which  curves  under  toward  the  thorax. 
This  is  very  sharp  and  is  used  for  sucking  the  blood  of  insects  which  the  red  corsair 
captures.  (Fig.  194  shows  a  dorsal  view  of  the  insect,  while  at  194a  it  is  shown  with 
the  head  and  beak  much  enlarged. )  The  nature  of  the  beak  can  be  readily  seen 
from  the  drawing. 

This  insect  moves  very  stealthily  about  upon  the  surface  of  the  leaf  and  pounces 
upon  whatever  insect  it  may  find.  It  has  been  observed  most  frequently  feeding 
upon  geometrid  caterpillars,  which  it  holds  between  its  fore  feet  while  sucking  their 
blood.  When  not  seeking  its  prey  it  rests  quietly  with  its  legs  spread  far  apart  and 
the  body  suspended  above  the  surface  upon  which  it  is  standing. 

If  caught  m  the  fingers  this  insect  is  liable  to  inflict  a  sting  with  its  beak,  which, 
while  not  poisonous,  is  very  painful,  to  say  the  least,  and  with  some  persons  this  may 
result  in  a  painful  swelling.  They  do  not,  however,  need  to  be  handled,  and  the 
good  they  d^  on  the  trees  in  the  matter  of  destroying  noxious  insects  is  of  incalcu- 
lable value  when  compared  with  the  occasional  bites  they  may  inflict  on  those  who 
carelessly  handle  them.  Their  eggs  are  laid  in  crevices  of  the  bark,  and  when  the 
young  come  forth  they  look  very  much  like  the  adults,  save  that  they  have  no  wings. 
The  young  also  feed  upon  small  larvae  and  other  insects.  Stdl,  in  his  **Hemiptera 
Insularum  Philippinarum,"  calls  this  insect  Spfwdromjttus  erythropterus  Burm.,  var. 
convivus  Stdl.  „  .  ,  ,  .       »  .  ,     , 

In  a  cacao  plantation  in  which  the  top  soil  is  sandy,  and  m  which  there  has  been 
no  rain  for  some  time,  one  will  very  frequently  see  around  the  bases  of  the  trees  a 
number  of  cone-shaped  pits  with  the  sides,  which  are  composed  of  loose  sand  thrown 
at  an  angle  of  about  45°  to  the  surface  of  the  ground,  coming  to  a  point  below.     If  an 
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ant  or  a  fly  be  tied  to  a  string  and  let  down  into  the  bottom  of  this  pit  it  will  be  at 
once  seized  by  a  pair  of  jaws  which  is  lying  concealed  in  the  sand.  If  the  observer 
be  quick  enough  he  may  succeed  in  jerking  out  a  peculiar  looking  gray  insect  resem- 
bling a  large-sized  louse  and,  in  fact,  so  called  by  tlie  Visayans,  wdio  name  it  cotu-cotu, 
meaning  a  big  louse.  This  animal,  w^hich  measures  when  fully  grown  12  mm.  long 
and  5  nnn.  wide,  is  the  larva  of  a  very  delicate  and  beautiful  insect  of  the  family 
Myrmeldonidse  of  the  order  Neuroptera.  The  adult  measures  about  29  mm.  in  length 
and  has  an  expanse  of  wings  of  about  60  mm.  The  w  ings  are  irridescent  and  the 
general  color  of  the  insect's  body  is  a  smoky  gray.  The  eyes  are  rather  large  and 
spherical,  being  prominently  set,  like  those  of  the  damsel  flies,  relatives  of  the  dragon 
flies,  or,  as  they  are  called  in  Visayan,  tumbuc  tumbuc.  One  would  never  associate 
this  delicate  insect  with  the  voracious  cotu-cotu. 

The  larva  haa  habits  which  are  as  strange  and  incongruous  as  its  appearance.  Its 
two  forcep-like  jaws  are  adapted  solely  to  sucking  the  blood  of  unfortunate  insects 
which  drop  into  the  pit  which  it  haa  dug  for  them.  It  invariably  moves  backward 
instead  of  forward.  If  dropped  upon  a  sandy  spot  it  almost  instantly  disappears.  It 
uses  its  tail  end  as  a  sort  of  shovel  to  dig  its  way  into  the  ground.  Its  method  of 
constructing  its  pit  is  interesting  in  the  extreme.  After  working  its  way  below  the 
surface  it  begins  to  move  around  in  a  circle,  the  diameter  of  which  is  in  proportion 
to  the  size  oi  the  insect  and  consequently  in  proportion  to  the  hole  which  it  will 
finally  have  excavated.  When  it  has  completed  its  circle  it  begins  throwing  out  the 
sand  wdth  its  head,  which  serves  as  a  shovel.  As  the  sand  is  thrown  out  the  larva 
gradually  moves  toward  the  center  of  the  pit,  which,  from  the  force  of  the  caving  sand 
on  the  sides,  begins  to  assume  a  conical  shape.  When  the  ant-lion,  for  such  it  is 
called  in  English,  encounters  a  pebble  or  small  stone  it  immediately  lifts  it  upon  its 
opened  jaws  and  attempts  to  throw  it  out.  It  can  throw  out  a  stone  which  w^eighs 
much  more  than  its  body.  When  the  pit  is  completed  the  ant-lion  goes  into  the  sand 
at  the-apex  of  the  cone-shaped  hole  and  with  only  its  jaws  and  its  eyes  protruding  it 
awaits  the  coming  of  some  unw^ary  insect.  It  usually  has  not  long  to  wait,  for,  as  a 
rule,  ants  and  such  crawlers  are  very  curious  when  they  come  to  a  hole.  They 
invariably  like  to  investigate,  and  j)eering  over  the  edge  of  this  pit  they  lose  their 
balance  and  begin  to  slide  down.  Their  downward  motion  is  very  much  accelerated 
by  the  action  on  the  part  of  the  ant-lion,  which  immediately  begins  to  throw  sand 
up  over  them;  this  takes  the  sand  away  from  under  their  feet  and  in  a  shower  of  the 
material  they  are  gradually  forced  back  down  into  the  pit.  Finally  reaching  the 
bottom  completely  exhausted,  they  are  seized  upon  by  the  skillful  foe,  dragged  under 
the  sand  and  their  blood  sucked  out.  Afterwards  their  dried  skins  are  flung  out  of 
the  pit  by  the  ant-lion.  (Fig.  195  shows  two  view^s  of  the  ant-lion's  nest,  one  being 
sectional,  with  the  insect  seen  at  the  bottom.     Fig.  195a  is  the  larva.) 

The  ant-lion  will  not  attack  large  insects  like  beetles  or  big  spiders,  which  occasion- 
ally fall  into  its  pit,  but  remains  quiet  until  the  intruder  can  get  out.  It  will  attack 
the  termite,  any  kind  of  ant,  small  flies  and  bugs,  and  it  has  been  seen  to  drag  small 
moths  under  the  sand.  When  ready  to  pupate,  the  ant-lion  spins  a  spherical  cocoon 
of  grains  of  sand  fastened  together  by  a  beautiful  pearly  white  silk,  with  which  it  is 
also  lined. 

This  insect  can  certainly  be  called  a  decidedly  beneficial  one,  for  of  all  the  insects 
which  it  has  ever  been  seen  to  take,  not  a  single  one  was  other  than  noxious,  and 
the  number  of  ants  and  anay  which  it  captures  and  kills  in  course  of  its  somewhat 
lengthy  larval  stage  must  be  great  indeed. 

To  the  Orthopterous  family  Mantidae  belong  several  very  peculiar-looking  animals 
which  have  received  the  attention  of  even  the  most  careless  observers  from  time 
immemorial.  They  are  called  mantis,  devil's  riding  horse,  camel  horse,  mule  killer, 
etc.,  in  English  and  tagat-tagat  in  Visaya.  In  Tagalog  they  are  known  as  Sa-samba. 
Unlike  most  Orthoptera  they  are  carnivorous,  living  upon  other  insects  and  are 
therefore  to  be  classed  as  beneficial. 

They  lay  their  eggs  upon  the  twigs  of  the  cacao  and  other  plants,  and  as  many  as 
200  of  the  young  hatch  from  an  egg  mass  such  as  is  shown  by  fig.  196.  The  young 
are  very  much  like  the  adults  in  appearance.  (Fi^.  197  shows  a  young  mantis  and 
fig.  198  an  adult.)  The  fore  legs  are  fitted  for  grasping  the  prey.  They  often  remain 
motionless  upon  a  twig  for  several  hours,  but  if  an  insect  comes  within  reach  they 
immediately,  with  great  rapiditv,  grasp  it  in  their  forefeet  and  proceed  to  eat  it,  only 
rejecting  the  harder  parts  and  tfie  wings.  After  feeding  they  very  neatly  clean  their 
faces,  antennae,  and  front  feet,  and  again  begin  their  watch.  They  run  readily  and 
are  also  good  fliers.  They  rest  entirely  upon  the  two  hinder  pairs  of  feet.  They 
have  the  habit  of  sitting  up  and  watching  the  observer,  who  in  turn  becomes  the 
observed.  The  large  eyes  and  peculiarly  shaped  head,  together  with  the  large  body, 
make  them  objects  of  very  grotesque  appearance. 
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The  large  spiders  which  live  upon  the  cacao  and  which  undoubtedly  doit  a  service 
by  the  number  of  insects  which  they  capture  and  devour,  renders  them  the  subject 
of  special  attention,  although  they  do  not  come  under  the  technical  classification  of 
insects. 

Among  those  which  have  been  found  most  abundantly  are  the  orb  weavers,  the 
jumpers,  one  species  of  tarantula,  and  many  species  of  crab  spider  or  Thomisidse. 
Perhaps  the  most  peculiar,  and  one  of  the  most  beautiful  of  the  orb  weavers,  is  the 
crescent  spider,  which  is  illustrated  by  fig.  199.  It  has  the  abdomen  shaped  in  the 
form  of  a  perfect  crescent,  and  is  of  a  beautiful  jet  black  and  yellow,  and  the  horns 
at  the  sides  of  the  abdomen  are  pubescent  at  their  tips.  This  spider  builds  a  true 
orb  web  and  catches  many  insects,  the  most  of  which  are  harmful  to  the  plant. 
Among  these  have  been  noted  plant  lice,  moths,  plant  bugs,  and  small  Coleoptera, 
like  Scolytid8e,  Chrysomelid^e,  and  Scarabacidee,  all  harmful  classes. 

The  crab  spiders  are  so  called  because  of  their  resemblance  to  crabs  in  form  and 
arrangement  of  the  legs.  They  are  of  a  light  color,  usually  like  the  flowers  which 
they  inhabit,  and  lie  concealed  in  the  clusters.  They  seize  plant  lice  and  other 
small  insects  as  they  come  to  the  flowers.  Undoubtedly  they  occasionally  capture 
beneficial  insects  like  hymenopterous  parasites. 

The  majority  of  spiders  found  upon  the  cacao  belong  to  the  jumpers  or  Attidse. 
These  spiders  are  sure  to  attract  the  attention  of  the  observer  because  of  their  pecul- 
iarly beautiful  and  varied  colorings  and  their  activity.  They  are  light  green,  golden 
yellow,  brown  and  red,  black,  gray  and  of  many  other  and  striking  colors.  They  are 
extremely  active,  jumping  forward  or  backward  or  sidewise  with  equal  celerity,  and 
they  invariably  capture  their  prey  by  pouncing  upon  it.  Their  eyes  glow  with  what 
appears  to  be  internal  fire  and  their  position  on  the  head  and  their  form  suggest  in 
a  most  remarkable  way  the  headlights  on  an  automobile. 

A  most  peculiar  and  common  form  of  the  Attidse  are  the  ant-like  jumpers.  They 
vary  in  length  from  3  to  10  mm.,  according  to  the  species,  and  their  resemblance  to 
black  ants  is  so  very  close,  not  only  in  form  but  in  their  movements,  that  they  often 
deceive  the  close  observer.  They  run  upon  only  six  legs,  carrying  the  two  fore  legs 
high  in  the  air  and  moving  them  with  the  same  uncertain  motion  that  ants  us6  when 
moving  their  antennae.  They  will  run  a  short  way,  then  stop  and  wave  their  front 
feet,  then  start  off  sidewise,  then  back  up,  and,  before  one  knows  what  they  will  do 
next,  have  pounced  upon  some  unsuspecting  fly  or  bug.  In  form  of  body  and  move- 
ments they/eally  represent  one  of  the  most  striking  cases  of  mimicry.  (Fig.  200 
shows  examples  of  the  ordinary  jumping  spider  and  the  ant-like  form. ) 

At  the  base  of  the  cacao  one  frequently  sees  a  hole  15-20  mm.  in  diameter,  care- 
fully and  neatly  lined  with- snowy  white  silk,  which  sometimes  extends  out  upon  the 
ground  for  some  little  distance.  If  one  will  dig  out  this  hole,  following  its  twists 
and  turns  at  the  inner  end,  which  is  usually  40  or  50  cm.  in  the  ground  and  parallel 
with  the  surface,  if  the  ground  be  level  or  horizontal,  if  the  hole  be  in  the  side  of  a 
hill  or  mound  around  the  tree,  he  will  be  almost  sure  to  find  a  most  beautiful  dark 
brown  hairy  spider  of  the  tarantula  family,  Theraphoridse.  This  spider  measures 
when  extendeu,  including  legs,  85  mm.  long  and  65  mm.  broad.  Its  brown  velvety 
coat  is  almost  black  w^hen  it  is  seen  curled  up  against  the  white  background  of  its 
silken  cell.  If  one  of  these  spiders  be  examined  after  being  killed  it  will  be  seen 
to  have  two  very  strong,  curved,  brown,  forcep-like  mandibles  which,  instead  of 
approximating  point  to  point  as  in  most  spiders,  are  bent  forward  and  downward  so 
that  the  tarantula  can  not  really  grasp  its  prey  with  its  jaws.  It  is,  however,  pro- 
vided with  two  foot-like  palpi  which  serve  to  hold  its  food  while  it  is  being  eaten. 
These  palpi  give  the  tarantula  the  appearance  of  having  10  legs  instead  of  the  true 
number  wnich  all  spiders  have,  namely,  ei^ht. 

The  area  around  the  mouth  is  covered  with  golden  reddish  hairs.  This  character- 
istic seems  to  be  common  to  most  of  the  tarantula  family.  The  spider  feeds  upon 
most  kinds  of  insects;  the  exuviae  of  several  larvae  and  pupse  being  found  in  some 
of  the  nests  opened.  It  seems  to  show  a  great  preference  for  cockroaches,  several  of 
their  skeletons  having  been  found  in  its  abode. 

A  word  should  be  said  before  concluding  this  paper  regarding  some  other  animal 
pests  of  the  cacao.  In  all  parts  of  the  world  great  trouble  has  always  been  expe- 
rienced in  cacao  growing  because  of  the  ravages  of  rats  and  mice.  These  little  rodents, 
working  at  night,  often  do  an  incalculable  damage  to  the  fruits,  destroying  many 
pounds  of  the  nuts  in  a  season.  (Fig.  201  shows  cacao  pods,  each  with  a  hole  in  the 
side  just  large  enough  for  the  small  rodent  to  enter.)  It  very  skillfully  removes  all 
the  kernels  from  a  pod  and  leaves  it  hanging  on  the  tree,  where  it  dries  if  not  removed 
by  the  grower. 

No  efiective  remedy  has  been  devised  for  this  pest,  but  the  writer  would  suggest 
that  an  excellent  one  can  be  found  in  the  discarded  pods  after  the  ripe  nuts  have 
been  removed.    The  pulp  on  the  inner  side  of  the  pod  being  scraped  out  and  mixed 
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with  some  kind  of  effective  poison,  like  arsenic  or  paria  green,  is  replaced  in 
quantities  in  each  pod.  The  pods  are  to  be  then  fastened  together  with  two  b£ 
toothpicks  and  tlie  decoys  placed  beneath  the  trees,  two  or  three  under  each, 
more  than  likely  that  the  rats,  finding  these  upon  the  ground,  will  attack  then 
and  gnawing  into  them  will  eat  the  sweet  pulp  within.  The  results  will  then  r 
to  be  seen,  but  certainly  the  chances  of  success  are  very  nuich  in  favor  of  the  gn 
All  hogs  and  other  domestic  animals  should  be  excluded  from  plantations  in 
these  experiments  are  being  tried,  and  the  refuse  should  be  collected  as  soo: 
is  seen  that  the  pods  have  been  gnawed  into  by  the  rats,  and  buried  at  a  suf; 
(!epth  to  insure  its  not  being  dug  up  by  hogs.  As  the  pods  are  liable  to  shrive 
open  during  dry  weather,  they  should  be  renewed  from  time  to  time  as  occasio 
require. 

Very  little  can  be  said  at  present  concerning  insects  attacking  the  dried  prod 
the  cacao,  namely,  the  beans  and  husks.  In  visiting  various  wholesale  esta 
ments  for  the  handling  of  cacao  in  Manila,  beans  have  been  found  giving  evi 
of  the  work  of  some  form  of  the  common  dried  fruit  moths,  but  thus  far  neith 
larv^se  nor  the  adults  have  been  discovered. 

Chittenden  in  his  bulletin  on  «  '*Some  Little-Known  Insects  Affecting  Storec 
etable  Products,"  says  the  following  in  connection  with  a  moth  w  hich  he  ca 
chocolate  moth.     I  would,  however,  suggest  that  instead  of  being  called  the  'S 
late"  moth  it  be  called  the  cacao  bean  moth,  as  it  is  more  frequently  found 
bean  than  in  the  manufatured  chocolate. 

* '  The  habits  of  our  flour  and  meal-feeding  phydtids,  Ephestia  Xuehisella  and 
interpundella,  are  so  well  known  as  to  necessitate  no  further  comment  here,  but 
is  still  a  fourth  moth  which,  although  represented  in  our  faunal  lists,  seems  ne 
have  received  mention  as  an  injurious  species  in  this  country.  I  refer  to  iij 
elutella  Hbn.  Its  habits  have  been  known  in  Europe  since  early  in  the  last  ce 
yet  so  far  as  I  know  at  present  American  records  show  nothing  positive  regi 
injuries. 

"Reaumer's  account  of  the  moth  that  injures  chocolate,  published  in  1737,  is 
ally  conceded  to  refer  to  the  present  species  and  as  it  is  this  species  that  is  raos 
associated  with  the  chocolate  nut  of  commerce  it  may  be  called  the  chocolate 
Recent  study  of  bred  material  shows  this  to  be  the  moth  mentioned  in  Insei 
(Vol.  IV,  p.  332)  as  having  been  received  at  this  office  from  Mr.  H.  F.  Wicl 
who  found  it  injurious  to  cayenne  pepper  in  one  of  the  drug  houses  at  low^ 
Iowa.  We  have  also  specimens  bred  from  dried  apples  obtained  from  a  New 
City  dealer  and  submitted  to  this  office  by  the  Division  of  Chemistry,  and  other 
cacao  beans  received  from  Mr.  C.  A.  Barber,  who  obtained  them  from  Monti 
West  Indies.  According  to  various  European  authorities,  this  species  also  a 
manufactured  chocolate,  coffee,  and  various  dried  fruits,  and  even  does  consid 
damage  to  ship  biscuit,  which  it  injures  after  the  manner  of  E.  kuehniella.^ ' 

It  may  prove  that  the  above-mentioned  species  is  the  one  which  has  been 
in  the  cacao  in  Manila  and  the  possibility  is  more  strongly  emphasized  by  tl 
that  the  condition  of  the  beans,  the  class  of  holes  made,  and  the  frass  con 
within  the  beans,  all  point  to  the  work  as  that  of  a  Phycitid. 

Certain  beetles  of  the  families  Tenebrionidae,  cadellus  or  darkling  beetles,  ai 
Nitidulidae  or  sap  beetles,  are  also  found  in  stored  vegetable  products  as  wel 
decaying  or  overripe  fruits  and  on  wounds  in  trees,  the  sap  of  which  they 
For  these  insects,  as  for  all  others  which  are  found  in  stored  products,  it  is  d 
to  suggest  an  effective  preventive,  inasmuch  as  the  pests  find  such  ready  me 
entrance  through  the  meshes  of  the  sacks.  Even  where  the  adult  insects  ci 
themselves  get  into  the  bags  and  sacks,  instinct  seems  to  lead  them  to  lay  the: 
upon  the  outside  and  the  tiny  larva  upon  hatching  find  easy  ingress.  Once 
the  insect  passes  through  its  transformations,  but  upon  becoming  adult  it  a 
escape  and  continues  to  multiply. 

Frequent  handling  of  the  contained  cacao  and  a  careful  shaking  of  the  bags, 
wards  placing  them  in  bright  sunshine,  renders  the  cacao  less  liable  to  be  at 
by  any  form  of  insect  which  would  eat  the  dried  nut. 

Where  prevention  has  failed,  or  where  infested  cacao  is  received  by  the  deal 
best  plan  is  to  submit  the  full  sacks  or,  better,  the  contents,  if  possible,  to  the 
of  carbon  bisulphide  in  a  closed  bin  or  other  absolutely  tight  receptacle.  If  ; 
tight  room  can  be  had,  the  sacks  may  be  left  in  it  for  two  or  three  days  or  even 
without  any  harm  being  done  to  the  beans,  and  with  the  i)erfect  assurance  t 
insects  contained  therein  will  be  exterminated.  At  the  end  of  that  time  tl 
or  room  should  be  opened  and  thoroughly  aired  and  the  cacao  spread  out  in  ; 
or  in  the  sunlight. 
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Under  no  conditions  should  a  lamp  or  other  light  be  permitted  in  a  room  where 
the  carbon  bisulphide  is  being  used  nor  should  persons  remain  in  the  room.  If  a  bin 
be  used,  the  bisulphide  may  be  put  on  top  of  the  cacao  in  a  small  dish,  allowing  30 
to  40  grams  for  every  cubic  meter  of  space.  As  the  bisulphide  is  heavier  than  the  air 
and  very  volatile,  it  will  evaporate  quickly  and  settle  downward  in  the  bin,  suffocat- 
ing all  insects  therein.  If  a  room  be  used,  the  vessel  may  be  put  upon  a  high  shelf 
or  upon  some  object  so  that  it  will  be  as  near  the  ceiling  as  possible.  In  this  way 
the  entire  room  will  be  fumigated. 

Although  the  question  of  plant  diseases  like  fungi,  rust  spots,  mold,  and  rot  do 
not  belong  to  the  province  of  the  entomologist  to  investigate,  the  fact  that  these  dis- 
eases were  given  some  attention  by  him  during  his  investigation  of  cacao  insects  will 
warrant  a  few  words  being  said  upon  them  and  suggestions  being  made  for  their  pre- 
vention upon  the  leaves  and  fruit  of  this  valuable  plant. 

There  are  four  types  of  fungous  attack  which  have  been  most  frequently  met  with, 
namely:  Cacao  leaf  spot,  cacao  leaf  blight,  cacao  pod  spot,  and  pod  scab.  The  first 
of  these  diseases  attacks  the  leaf  in  spots  as  suggested  by  the  name.  (See  fig.  202.) 
These  spots  are  irregular  in  shape  and  in  an  advanced  stage  are  a  dull,  whitish  gray, 
as  though  the  leaf  had  been  scorched  to  an  ash  at  the  point,  which  dries  and  breaks 
on  as  if  the  leaf  had  been  held  in  the  fire.  The  type  of  fungus  disease  which  attacks 
the  pod  is  very  characteristic,  and  will  be  recognized  by  the  growers  at  once  as  that 
represented  in  fig,  203.  Both  of  these  attack  the  fruit  in  all  stages  of  its  growth.  The 
pod  spot  occurs  in  spots  similar  to  that  which  attacks  bean  pods  in  the  United  States. 
The  spots  soon  completely  cover  the  affected  pod  and  not  only  cause  a  very  unsightly 
growth,  but  also  materially  affect  the  development  of  the  fruit.  Fruits  which  are 
thus  affected  are  smaller  and  the.  beans  are  found  to  be  misshapen  and  in  some  cases 
not  developed.  The  history  of  this  disease,  its  causes  and  morphology,  are  yet  to  be 
investigated. 

The  pod  scab  is  undoubtedly  the  worst  form  of  disease  which  attacks  the  cacao. 
It  IS  recognized  in  its  advanced  stages  by  the  fact  that  the  pod  becomes  dry,  either 
upon  one  side  or  over  its  whole  surface.     It  then  cracks  open  in  unsightly  gashes  as 
.  though  hacked  with  a  knife.     Of  course,  the  contained  beans  in  such  pods  are  worth- 
less.    There  is  another  disease  of  which  the  causes  are  not  clearly  known. 

Although  diversified  in  their  modes  of  attack,  it  is  undoubtedly  true  that  the  same 
means  of  prevention  will  apply  to  them  all  since  they  are  fungoid  or  bacteriological 
in  character.  Many  thorough  tests,  covering  a  period  of  several  years,  have  demon- 
strated the  efiiciency  of  a  mixture  of  copper  sulphate  (blue  vitriol)  and  quicklime, 
commonly  called  Bordeaux  mixture,  for  nearly  all  kinds  of  fungus  diseases  affecting 
plants.  The  blue  vitriol  is  the  fungicide  or  destroyer  of  the  fungus  spores  and  the 
lime  is  added  to  keep  the  vitriol  from  burning  or  scorching  the  leaves  or  fruit.  This 
solution,  a  formula  for  which  will  be  given  under  insecticides  and  fungicides,  will  of 
course,  have  to  I5e  applied  to  the  trees  by  means  of  spray  pumps  and  a  very  fine 
spraying  nozzle. 

Tlie  writer  is  well  aware  of  the  fact  that  in  the  limited  time  during  which  he  has 
studied  the  questions  of  insects  and  diseases  of  the  cacao,  many  forms  and  conditions 
have  escaped  his  notice,  but  as  this  is  only  a  preliminary  bulletin  and  issued  so  that 
the  grower  may  have  something  at  hand  to  guide  him  in  the  recognition  of  and 
dealing  with  the  most  important  pests,  the  fact  that  all  pests  are  not  treated  will  not 
detract  from  its  usefulness.  He  would  be  under  great  obligations  to  all  growers  of 
cacao  to  whom  this  bulletin  shall  come  if  they  will  send  him  suggestions  of  methods 
which  they  have  tried  with  success. 

There  is  a  disease  called  *Mie  back,"  mentioned  by  Mr.  Lyon  in  his  bulletin  on 
cacao,  which  I  have  not  found  in  the  Philippines,  and  he  would  be  grateful  for 
specimens  showing  this  disease. 

The  production  of  cacao  has  such  a  favorable  future  in  these  islands  that  any 
measures  which  will  tend  to  a  better  degree  of  cultivation,  and  a  more  thorough 
protection  of  trees  from  unnecessary  ravages,  should  be  welcomed  by  growers  and 
prospective  growers  throughout  the  Archipelago. 

SOME  INSECTICIDES  AND  FUNGICIDES;   THEIR  USE   AND   PREPARATION. 

Insecticides  and  fungicides  have  for  their  object  the  prevention  of  the  attacks  of 
insects  or  fungus  diseases,  or  the  killing  of  forms  already  present  either  upon  the 
plant  or  other  substance  affected  by  the  insect  or  the  disease. 

With  reference  to  insects,  there  are  two  kinds  of  insecticides,  the  internal  and  the 
contact.  Of  the  latter  there  are  the  corrosive  poisons,  which  attack  the  substance 
with  which  they  come  in  contact,  and  the  suffocating  poisons,  which  act  upon  the 
breathing  apparatus,  producing  suffocation.  Among  the  most  important  of  the 
internal  poisons  are  those  which  have  as  a  basis  some  form  of  arsenic.    This  sub- 
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stance  in  any  form  is  deadly  to  all  animal  life.  As  there  are  many  forms  of  arsenical 
insecticides,  only  those  which  are  considered  as  of  vaUie  in  connection  with  com- 
bating of  cacao  insects  will  be  mentioned. 

Internal  poisons  are  those  which  are  intended  for  the  insects  which  eat  the  snb- 
stance  of  the  leaf  or  other  j)art  of  the  plant.  Applied  to  tiie  surface  of  the  leaf, 
either  as  a  powder  or  as  a  solution,  it  is  taken  by  the  insect  along  with  its  food,  and, 
acting  upon  the  alimentary  canal  and  other  internal  organs,  accomplishes  its  work. 

Contact  insecticides  are  those  which  coming  in  contact  with  the  body  of  the  insect 
produce  a  condition,  usually  of  the  nature  of  a  corrosive,  whicdi  results  in  deatli. 
To  this  class  belong  ashes,  lime,  kerosene,  carbolic  acid,  (;rude  petroleum,  pyrethrum, 
and  smoke. 

Suffocating  poisons  are  those  which,  entering  the  tracheae,  either  clog  them  up  or 
paralyze  the  muscles  of  respiration,  thus  killing  the  insect.  To  this  class  belong 
carbon,  bisulphide,  naphthaline,  benzine,  petroleum,  kerosene,  whale-oil  soap,  and 
the  fumes  of  hydrocyanic  acid  gas. 

Arsenate  of  lead. — This  insoluble  chemical  compound  is  j>rei)ared  as  follows: 

Grams. 

Lead  acetate 200 

Sodium  arsenate 50 

Dissolve  each  ingredient  in  16  liters  of  water,  separtely,  in  wooden  or  stone  vessels. 
Then  pour  these  at  the  same  time  into  a  barrel  or  tank  containing  450  liters  of  water. 
The  mixture  should  be  stirred  constantly  and  rapidly  wliile  making.  Inasnmch  as 
the  compound  which  is  formed  (arsenate  of  lead)  is  insoluble,  it  is  precipitated  as  a 
white  powder  and  must  be  kept  in  suspension.  In  order  to  make  this  mixture  stick 
well  on  the  foliage  to  which  it  is  applied,  about  2  J  liters  of  glucose  or  grape  sugar  are 
added  to  it  before  spraying. 

Paris  green. — This  is  an  acetic- arsenite  of  copper  and  contains  from  55  to  60  per 
cent  of  arsenious  acid.  It  is  a  bright-green  powder,  very  heavy,  and  hence  does 
not  stay  suspended  in  the  water  of  a  spray  pump  unless  continually  agitated.  As  it 
does  not  dissolve  in  water  it  will,  when  pure,  not  ''burn"  the  foliage  of  even  the  most 
delicate  plants.  If,  however,  twice  the  amount  of  freshly  slacked  lime  be  added 
with  a  given  quantity  of  Paris  green,  all  danger  from  free  arsenic  will  be  averted, 
and  there  will  be  no  danger  of  **  burning." 

Paris  green  would  undoubtedly  prove  an  excellent  poison  for  mice  if  ap})lied  mixed 
wdth  meal  or  bran  and  the  pulp  of  the  cacao.  The  proportion  should  be  1  part  of 
the  Paris  green  to  50  parts  of  meal  or  bran. 

In  using  Paris  green  as  a  liquid  insecticide  it  is  applied  as  follow^s: 

Paris  green grams. .       450 

Lime  ( fresh  slacked) do 900 

Water liters . .  1, 500 

This  is  a  cheap  insecticide,  is  in  universal  use,  and  if  care  is  used  to  keep  it  in  sus- 
pension in  the  water  while  spraying,  it  will  give  as  good  results  as  any  of  its  class. 

Numerous  other  arsenates  are  sold  under  the  following  names  and  others:  White 
arsenate,  pink  arsenate,  white  arsenoid,  parine  green,  laurel  green,  London  i)urple, 
paragrene,  and  green  arsenoid. 

Kerosene. — This  is  a  refined  product  of  petroleum  which  is  so  well  known  as  to 
render  a  description  unnecessary.  Applied  pure  to  any  kind  of  insect  it.imuiediately 
destroys  life.  It  is  likewise  fatal  to  plant  life  if  undiluted.  Used  in  a  mechanical 
mixture  w  ith  water  it  is  a  remedy  against  scale  insects  and  plant  lice.  A  safer  and 
much  more  effective  preparation  is  the  kerosene-soap  emulsion,  which  is  prepared 
as  follows: 

Per  cent. 

Kerosene  (9  liters) 67 

Common  or  whale-oil  soap  (225  grams) \  no 

Water  (4.5  liters) f  "^"^ 

Heat  the  solution  of  soap  and  water  and  add  it,  boiling  hot,  to  the  kerosene. 
Churn  the  mixture  by  means  of  a  force  pump  and  spray  nozzle  for  five  or  ten  min- 
utes. The  emulsion,  if  perfect,  forms  a  cream,  which  thickens  on  cooling,  and 
should  adhere  without  oiliness  to  the  surface  of  glass.  The  above  fornmla  gives 
12.25  liters,  and  makes,  when  diluted,  120  liters  of  wash.  (Report  of  the  Entomol- 
ogist: in  Report  of  the  Comr.  of  Agr.  (U.  S.)  for  1883,  p.  152.)  Another  formula 
which  may  be  of  interest  is  the  following,  taken  from  Dr.  J.  A.  Lintner's  Second 
New  York  Report  on  Inj.  Ins.,  1885: 

"Eight  parts  of  water  and  one  part  of  soft  soap,  thoroughly  amalgamated,  forms 
the  lye,  which  takes  mineral  oil  and  thoroughly  mixes  with  whatever  proportions 


REPORT  OF  THE  SECRETARY  OF  THE  INTERIOR.      619 

of  the  oil  be  added.     As  heat  aids  much  in  quickly  producing  thorough  amalgama- 
tion of  the  ingredients,  boil  the  soap  and  water  together,  and,  when  ready,  turn  into 
ordinary  wine  bottles  (costing  little  or   nothing,   especially  in  the   Philippines) 
winch  have  been  placed  in  boiling  water.     About  half  fill  the  bottles,  turn  125  c  c 
of  the  oil  into  each  bottle,  then  fill  up  with  the  boiling  lye.     Cork  at  once  and  store 
away  for  use. 

"  When  required  for  use,  a  bottle  of  the  mixture  is  poured  into  an  18-liter  water- 
ing pot  which  IS  filled  up  with  soft  water  and  is  ready  for  use,  at  a  strength  of  70  c  c 
to  4i  liters  of  water  (1  part  oil  to  64  parts  of  water  in  about  If  per  cent).  Reventy 
cubic  centimeters  of  oil  to  4^  liters  of  water  is  strong  enough  to  kill  Aphides  (the 
plant  hce  in  question),  and  such  soft-bodied  insects.  By  bottling  the  mixture  as 
above,  no  mistake  need  be  made  in  using  it  of  proper  strength." 

Whale-oil  soap.— A  preparation  made  of  fish  oil  with  lye.  Effectual  against  scale 
insects  and  plant  lice,  and  when  mixed  with  carbolic  acid  makes  an  excellent  deter- 
rent for  borers.     When  used  as  a  spray  for  plant  lice,  the  proportions  should  be: 

Whale-oil  soap grams..  450 

W^*^^^ liters..  45  to  90 

This  should  be  thoroughly  dissolved  before  using,  and  the  weaker  solution  is 
advised  for  trees  when  in  young  leaf.  Even  450  grams  to  125  liters  of  water  is  not 
too  weak.  If  ordmary  soft  soap  or  turpentine  soap  be  used  the  followini^  are  the 
proportions: 

Common  soap grams..  450 

Water li^^^.^  _  18  to  36 

Another  excellent  preventive  which  has  been  used  most  successfully  against  the 
peach  borer  in  the  United  States,  and  which  would  probably  prove  of  equal  value  to 
that  of  the  carbolic  wash,  is  what  is  known  as  the  lime,  coal-tar  and  whale-oil  soap 
wash.     It  is  prepared  according  to  the  following  formula: 

Unslacked  lime kilos..     25 

^.S^f^^'^^-- liters..      6 

Whale-oil  soap kilos  6 

The  lime  and  tar  should  be  slacked  together  with  water  sufiScient  to  make  the 
whole  of  the  consistency  of  white  paint.  The  whale-oil  soap  is  dissolved  in  hot  water 
and  added  to  the  lime  and  tar  solution.  When  water  is  added  sufficient  to  make  the 
whole  mass*as  thick  as  ordinary  thick  paint,  it  may  be  applied  to  the  tree. 

Tobacco  ivash.—This  very  effectual  remedv  against  plant  lice  has  certainly  the 
advantage  of  cheapness  in  a  country  where  tobacco  is  abundant.  It  is  applied  as  a 
spray  after  being  prepared  as  follows: 

Dry  stems  or  tobacco  leaf grams        225 

Water ."■'."".".■".*;;;  liters!."     4.5 

Steep  over  a  slow  fire  for  some  hours,  then,  when  readv  to  use  it,  dilute  the  quantity 
with  25  to  50  gallons  of  water.  v  ,  i  j 

Carbon  bisulphide.— This  is  a  colorless  liquid,  resembling  refined  kerosene  in 
appearance.  It  is  of  a  very  disagreeable  odor  and  extremely  volatile.  It  can  not  be 
handled  around  fires,  and  even  smoking  while  using  it  is  dangerous.  It  is  explosive 
and  also  takes  fire  very  readily.  Its  vapor  is  heavier  than  the  air;  hence  it  should  be 
placed  above  whatever  it  is  desired  to  fumigate.  In  closed  bins  or  in  rooms  the  pro- 
portions to  be  used  are  450  grams  for  every  27  cubic  meters,  or  17  grams  for  every 
cubic  meter.  Whatever  it  is  placed  into  should  be  perfectly  tight  in  order  that  the 
fumes  may  not  escape. 

Bordeaux  mixture.— This  valuable  fungicide  has  as  its  essential  ingredient  the  sul- 
phate of  copper,  commonly  called  blue  vitriol  or  bluestone.     It  is  prepared  as  follows: 

Copper  sulphate  or  blue  vitriol kilos. .     1.  80 

Quick  lime  (unslacked) do     "     2  25 

Water .V.'.'.V.'.'.'.V.".V.'.'.'.V.V."."liters] '      225 

The  copper  sulphate  should  be  dissolved  in  half  of  the  amount  of  water,  or  100  liters, 
in  a  wooden  vessel,  such  as  a  half  barrel.  The  lime  should  be  slacked  in  the  remain- 
der of  the  water,  and  when  ready  for  use  the  two  solutions  should  be  poured  together 
into  the  spray-pump  barrel  or  tank.  In  order  to  save  time  a  stock  solution  of  each 
substance  should  be  made  and  kept  on  hand. 

First  slack  in  a  wooden  vessel  22.7  kilos  of  lime.  This  should  be  immediately 
strained  into  a  barrel  holding  225  liters  and  the  barrel  filled  with  water.  Cover  the 
barrel  to  prevent  foreign  matter  from  getting  into  it. 
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The  copper  sulphate  stock  solution  should  be  prepared  by  dissolving  18.1  kilos  of 
the  crystal  in  225  liters  of  water  and  putting  it  into  a  barn^l,  covering  tlie  same. 

When  it  is  desired  to  use  Bordeaux,  take  22,5  liters  of  eac!)  solution  and  add  enough 
water  to  make  225  liters  of  the  Bordeaux  mixture. 

At  the  present  time  the  (juestion  of  spraying  in  the  Philip})ines  is  a  very  serious 
one,  owing  to  the  fact  that  none  of  the  goods  of  large  and  relia})le  iirms  of  spray- 
pump  manufacturers  are  represented  in  the  l*hilippine  market.  For  several  years 
past  the  United  States  Government  has  carried  on  experimeuts  for  ascertaining  the 
best  a]>paratu8  for  combating  insects  on  a  large  scale,  and,  as  a  result  of  its  work 
and  the  experimentation  of  individuals,  there  are  now  upon  the  American  market 
several  very  excellent  spray  pumps  which,  considering  the  ease  of  manipulation  and 
the  fact  that  they  will  last  for  sev^eral  years  if  given  proper  care,  are  very  reasonable 
in  price. 

The  principal  essentials  of  a  good  spraying  apparatus  are  that  it  deliver  a  line  spray, 
that  it  keep  the  mixture  to  be  sprayed  in  constant  agitation  in  order  that  the  ingre- 
dients may  be  kept  in  uniform  sus})ension,  and  tliat  it  have  sufficient  capacity  so  that 
a  reasonable  amount  of  the  insecticide  may  be  made  and  used  at  one  time. 

The  two  types  of  spraying  apparatus  which  would  give  the  best  results  in  cacao 
plantations  are  the  barrel  pump  and  small  power  spray  pump.  The  former  would 
be  useful  in  small  plantations  of  not  more  than  two  or  three  hectares  and  the  latter 
for  large  ones.  With  a  barrel  pump  and  two  nozzles  and  three  men  to  operate  it  in 
the  orchard,  from  50  to  75  cacao  trees  could  be  sprayed  in  a  day.  With  the  power 
spray  pump  a  proportionately  larger  number  of  trees  ran  t)e  treated.  The  best  noz- 
zle is  one  w^hich  will  break  tbe  liquid  np  into  the  finest  particles  ])ossible  and  at  the 
same  time  is  not  liable  to  clog,  or,  if  clogged,  may  be  easily  cleaned. 


Partial  Report  of  the  Work  op  Mr.  J.  J.  Eaton,  Preparer  op  Wood  Sections 
IN  the  Bureau  of  Government  Laboratories  for  use  of  the  Bureau  of 
Forestry. 

This  report  simply  gives  an  outline  of  the  methods  employed  and  the  class  of 
microphotographs  produced.  The  complete  work  will  T)e  published  by  the  Bureau 
of  Forestry. 

Forty-eight  samples  of  different  kinds  of  woods  taken  from  trees  in  the  Philippine 
Islands  were  received,  and  sections  of  them  cut.  All  of  tlie  commercial  groups  of 
w^ood  were  represented,  there  b(;ing  8  of  the  superior  groups,  3  of  tbe  first,  13  of  the 
second,  7  of  the  third,  4  of  the  fourth,  1  of  the  fifth,  and  ]2  not  in  tlie  classified  list. 

Almost  all  of  the  samples  received  w^ere  2  cm.  square  and  4  cm.  long.  From  these 
small  i)iece8  were  cut  in  such  a  manner  that  surfaces  parallel  to  the  annular  rings, 
parallel  to  the  medullary  rings,  and  cross  sections  were  obtained.  These  surfaces 
were  about  12  mm.  square  and  not  over  3  mm.  in  thickness.  It  is  recommended  that 
hereafter  the  samples  submitted  be  at  least  10  cm.  square  and  5  cm.  thick,  in  order 
that  the  tissues  may  be  properly  selected. 

The  first  step  consisted  in  finding  some  method  of  softening  the  w^ood  tissues  and 
of  removing  all  salts  and  other  substances  that  might  intei'fere  with  the  sectioning, 
and  yet  not  destroy  or  rupture  the  cells  of  the  material. 

Various  suggestions  were  obtained  from  the  work  The  Microscope  and  its  Reve- 
lations, by  W.  B.  Carpenter,  but  they  were  not  applicable  to  most  of  the  hard-wood 
specimens  received.     Some  of  the  methods  suggested  were  tried  as  follows: 

Several  small  pieces  of  the  Avood  '*  tua  "  were  boiled  in  a  10  per  cent  solution  of  nitric 
acid  for  ten  minutes,  then  placed  in  hot  alcohol,  not  boiling,  for  thirty  minutes,  and 
afterwards  boiled  in  water  for  fifteen  minutes.  These  pieces  were  not  softened  to 
Buch  a  degree  as  were  others  by  a  different  method,  while  tlie  surfaces  appeared 
to  have  been  attacked  by  the  nitric  acid.  They  w^ere  consequently  discarded, 
together  with  the  method. " 

Samples  of  the  wood  "balete"  were  boiled  for  ten  minutes  in  a  2  per  cent  solution 
of  acetic  and  chromic  acid,  but  were  not  softened.  New  pieces  of  the  same  wood, 
boiled  fifteen  minutes  in  a  10  per  cent  solution  of  the  same  acids,  were  not  softened. 
As  very  little  coloring  matter  was  removed  by  this  method,  it  was  discarded. 

Boiling  **acle"  in  a  10  percent  solution  of  nitric  acid  and  chlorate  of  potassium  for 
fifteen  minutes  failed  to  produce  the  required  degree  of  softness.  This  method  might 
have  produced  the  desired  results,  but  the  extreme  care  necessary  in  order  to  avoid 
an  explosion  made  it  undesirable,  especially  as  another  method  gave  satisfactory 
results. 

At  the  time  these  experiments  were  being  made,  samples  of  ' '  tindalo  * '  and  '  *  narra ' ' 
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were  placed  in  10,  20,  30,  40,  and  50  per  cent  solutions  of  hydrate  of  potassium,  corked, 
and  allowed  to  remain  for  twenty-four  hours.  No  appreciable  softening  was  noticed, 
but  a  great  deal  of  coloring  matter  had  been  extracted.  The  second  day  showed  a 
slight  softening,  and  this  was  increased  from  day  to  day,  the  ''tindalo^'  always  being 
softer  than  the  "narra"  in  corresponding  solutions.  The  degree  of  softness  varied  in 
direct  proportion  to  the  strength  of  the  solution,  which  was  from  10  to  50  per  cent. 
In  two  days  the  pieces  in  the  50  per  cent  solution  showed  an  apparent  deterioration 
of  the  surfaces.  Those  in  the  10  per  cent  solution  showed  but  a  slight  degree  of  soft- 
ness. There  was  but  little  difference  in  the  other  three  solutions.  In  nine  days  it 
was  almost  impossible  to  detect  a  difference  in  the  colors  of  the  solutions  containing 
tlie  same  kind  of  wood.  The  **tindalo"  was  quite  soft  in  all  the  solutions  excepting 
the  10  per  cent,  which  was  therefore  discarded.  The  50  per  cent  solution  was  likewise 
dropped  on  account  of  the  deterioration  of  the  wood,  and  also  of  the  glass  containing 
the  solution. 

There  being  very  little  difference  in  the  softness  of  the  three  remaining  specimens, 
verified  by  an  examination  of  the  *' narra,''  the  20  per  cent  solution  of  KOH  was 
adopted  as  the  preferable  method  for  softening  wood  tissues. 

Previously,  solutions  of  1,  2,  and  3  per  cent  of  caustic  potash  were  tried  with 
unsatisfactory  results.  Possibly  a  solution  somewhere  between  10  and  20  per  cent 
would  give  the  best  results.     At  any  rate  the  20  per  cent  solution  proved  satisfactory. 

After  adopting  this  method  of  softening  the  wood  tissues,  various  samples  were 
placed  in  test  tubes  containing  a  20  per  cent  solution  of  caustic  potash,  and  tightly 
corked.  The  latter  precaution  was  taken  in  order  to  prevent  absorption  of  moisture 
from  the  atmosphere.  Only  oAe  kind  of  wood  was  placed  in  each  receptacle  in  order 
to  avoid  confusion  and  a  possible  change  in  color,  but  the  three  different  sections  of 
the  same  piece  of  wood  were  placed  in  the  same  receptacle.  It  was  thought  advis- 
able to  treat  three  samples  of  each  section  in  order  to  provide  for  any  accident  or 
emergency  that  might  arise  in  subsequent  operations. 

Although  the  microscope  reveals  the  character  of  the  sec+ion,  whether  cross,  par- 
allel to  the  annular  rings,  or  parallel  to  the  medullary  rings,  it  is  much  more  satis- 
factory to  indicate  the  difi[erence  in  the  mounted  tissues.  Each  of  the  three  kinds  of 
sections  should,  therefore,  be  cut  in  some  distinguishable  shape  or  size  before  being 
placed  in  the  softening  solution.  Two  or  three  millimeters  is  ample  for  the  thickness 
of  a  piece,  and  the  other  dimensions  need  not  exceed  1  cm.,  except  for  special  work. 

Some  woods  were  apparently  softened  in  from  four  to  seven  days,  but  later  were 
discarded  for  others  that  had  been  in  the  softening  solution  for  a  longer  time.  The 
latter  gave  much  better  sections. 

The  woods  requiring  from  seven  to  ten  days  for  softening  are  tindalo,  narra  (two 
varieties),  supa,  ipil,  tua,  bitanhol,  calingag,  bolobo,  balete,  calumpit,  sibucao, 
parua,  alintatao,  betis,  dugonlate,  lauan,  malibago,  apitong,  pansainguin,  piripilim, 
bangat,  santol,  and  pamiasin,  which  constitute  half  of  the  samples  treated. 

Those  requiring  from  fifteen  to  eighteen  days  are  panao,  guijo,  palo  maria,  agoho, 
lisong  insoc,  mambog,  camagon,  anonag,  and  anilao. 

From  eighteen  to  twenty-four  days  are  required  for  acle,  batino,  magalat,  yacal, 
and  balaybayan. 

Those  which  were  not  softened  after  the  last-named  period  had  elapsed  were 
placed  in  a  new  solution  of  caustic  potash  and  boiled  under  a  pressure  of  1  atmos- 
phere for  three-fourths  of  an  hour  with  the  results  that  two  of  the  specimens  became 
quite  soft,  namely,  malamhat  and  molave. 

Uayan,  alupag  amio,  tarrieta,  aranga,  and  bolongeta  were  again  placed  in  the 
autoclave  and  boiled  under  the  same  pressure  for  three-fourths  of  an  hour  longer, 
making  one  and  one-half  hours  in  all.     At  the  end  of  this  time  they  were  quite  soft. 

In  two  hours  ebano  was  sufficiently  softened,  when  treated  in  the  same  way. 
Macapali  and  payina  are  still  under  treatment,  having  recently  been  received. 

After  the  specimens  had  been  softened  the  caustic  potash  in  the  tissues  was 
removed  by  boiling  them  in  water.  From  one  to  two  hours  was  sufficient  to  accom- 
plish this.  Those  having  a  large  amount  of  coloring  matter  are  tindalo,  both  narra 
samples,  supa,  ipil,  bitanhol,  camagon,  calumpit,  yacal,^  sibucao,  balaybayan,  ebano, 
tarrieta,  aranga,  bolongeta,  apitong,  santol,  and  pamiasin. 

After  each  specimen  had  been  freed  from  the  KOH,  it  was  dehydrated  by  passing 
it  through  successive  baths  of  alcohol  of  increasing  strength.  First  80  per  cent 
alcohol  was  used  for  twenty -four  hours,  then  95  per  cent,  and  finally  absolute  for 
the  same  length  of  time. 

After  removing  the  water,  the  cells  were  filled  with  a  supporting  material  (cel- 
loidin)  by  placing  the  specimens  in  alcohol  and  ether  for  twenty-four  hours,  thin 
celloidin  lor  forty-eight  hours,  and  thick  celloidin  for  the  same  period. 

These  tissues  were  mounted  in  thick  celloidin  on  wooden  blocks  and  preserved  in 
80per  cent  alcohol.    As  the  tissues  cut  best  when  the  microtome  knife  moves  in  the 
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direction  of  the  grain  of  the  wood,  they  were  mounted  accordingly.  A  slight  distor- 
tion in  some  of  the  more  delicate  cells  seemed  to  indicate  that  a  longer  time — iive  to 
seven  days  in  thin  celloidin — would  have  heen  j)referable  to  two  days.  The  blocks 
for  mounting  were  selected  from  a  wood  that  gave  no  color  to  the  alcohol. 

After  a  few  hours  had  elapsed  the  tissues  were  ready  to  be  sectioned  in  the  micro- 
tome. Both  the  knife  and  the  wood  were  wetted  with  80  per  cent  alcohol  during 
this  operation.  The  sections  varied  in  thickness  from  15  to  30  microns  according  to 
the  kind  of  wood,  and  in  all  cases  were  the  thinnest  obtainable  without  rupturing 
the  cells.  Naturally  soft  woods  gave  thinner  sections  than  hard  woods,  and  cross 
sections  were  the  thickest  and  most  difficult  to  cut.  These  were  usually  about  5 
microns  thicker  than  the  other  sections  of  the  same  wood.  Until  mounted  on  slides 
these  sections  were  preserved  in  80  per  cent  alcohol. 

Four  sets  of  each  kind  of  section  were  mounted  on  slides,  two  stained  and  two 
unstained.  The  stained  sections  were  j)repared  by  placing  them  first  in  water  for  a 
few  minutes  to  remove  the  alcohol,  from  water  to  luematoxylin  stain  for  five  to  ten 
minutes  until  fully  stained,  to  water  again  for  a  few  minutes  to  wash,  to  acid  alcohol 
for  a  very  short  time  to  remove  excess  stain,  and  to  water  again  with  a  few  drops  of 
ammonia  until  blue  color  was  restored,  after  which  they  were  dehydrated  with  80 
per  (^ent,  95  per  cent,  and  absolute  alcohol.  They  were  then  placed  in  creosote  until 
clear,  removed  to  slides,  blotted,  and  after  an  apx^lication  of  balsam,  cover  glasses 
put  on. 

When  the  sections  were  not  stained  the  first  jmrt  of  the  process  was  omitted. 
Beginning  with  95  per  cent  alcohol  they  were  then  treated  in  the  same  way  as  the 
stained  sections. 

The  total  number  of  slides  prepared  is  170. 

Receipts. 

[Note.— Private  work  charged  for  beginning  February,  1903;  public  work  from  March,  1903,  except 
vaccine,  which  was  charged  for  from  February  4,  1903.  Charges  for  work  for  insular  bureaus 
ceased  July  1,  1903.] 

[Mexican  currency.] 


Febru- 
ary. 

March.        April. 

May. 

.June. 

$207. 20 

2,876.00 

656. 00 

176.00 

15.00 

126.00 

July. 

August. 

Grand 
total. 

Private  work 

S58. 00 

899. 00 

2,487.00 

664.  50 

141.00 

«136. 45 

2, 580. 00 

694.00 

54.00 

1,50.00 

263. 00 

84.00 

8.00 

35.00 

$323.  50 

1,566,00 

468.00 

■  90.00 

S178. 30 

$21.00 

Board  of  health    , . 

Civil  hospital 

Rilibid  nrison 

Prosecuting  attornev 

i 

Exposition  board 

7.00 

Bureau  engineering 

I  C  S  and  I.  P 

Philippine  Commission 
Quarantine  service 

21.00 
12.00 

75.00 

10.00 

Headquarters  Division 

43.00 
6.00 

Police  department, 

15.00 

9.00 
1.00 

Provisional   board    of 
health,     Occidental 

Total 

58.00 

3,401.50 

4,004.45 

2, 536. 50 

4,131.20 

193. 30 
330.00 

31.00 

Sale  of  calves  (U.  S. 

58.00 

3, 401. 50 

4, 004.  45 

2,536.50 

4,131.20 

523. 30 

31.00 

$14,685.95 

Private    work    (U.   S. 

11.00 
3, 459. 00 

12.00 
1,500.00 

26.45 
738.00 

2.60 

9.80 

Board  of  health  (vac- 
cine) (U.S.  currency). 
Serum  of  private  par- 

2,379.53 

1,839.68 

. 

375.00 

Total         

2,379.53 

1, 839. 68 

3,470.00 

1,512.00 

764. 45 

2.60 

384.80 

10,353.06 

FIG.   205.— TANGENTIAL  SECTION   OF 
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